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MOLECULAR METHODS AND COMPOSITIONS FOR DETECTING AND 
QUANTIFYING RESPIRATORY VIRUSES 

CROSS-REFERENCE TO RELATED APPLICATIONS 
5 This application claims priority on Canadian applications serial number 2,411,264 
filed on December 19, 2002 entitled "Sequences for detection and identification of the 
human metapneumo virus" and serial number 2,418,004 filed on. January 24, 2003 
entitled "Multiplex assays for detection and identification of viral respiratory 
pathogens. 

10 

TECHNICAL FIELD 

This application relates to the field of microrganisms detection and more particularly 
to the detection of respiratory tract viruses using virus specific nucleic acids. 

BACKGROUND OF THE INVENTION 

Respiratory tract infections are a sigmficant cause of morbidity and mortality in all 
age • groups but especially in young children, elderly subjects, and 
immunocompromised patients. Most of these infections are caused by viruses with 
2 0 influenza A and B and the human respiratory syncytial virus (hRS V) being associated 
with the most frequent and severe complications i.e. pneumonitis and death (Dowell 
et. al ? 1996, J. Infect. Dis. 174:456-462; Simonsen et aL, 2000, J. Infect Dis. 
181:831-837; Han et at., 1999, J. Infect Dis. 179:25-30; Neuzil et aL, 2000, N. Engl. 
J. Med. 342:225-231; Simoes, 1999, Lancet 354:847-852.). Other viruses such as 

2 5 adenoviruses (> 50 serotypes), parainfluenza viruses (PIV) (4 serotypes), rhinoviruses 

(> .100 serotypes), and coronaviruses also contribute to acute respiratory tract 
infections' (Trcanor, 2002, Clinical Virology. 2 nd edL, ASM Press, Washington, D.C., 
7-26). Also, recent studies by the inventor and others have suggested that the new 
human metapneumovirus (hMFV) should be added to the list of human respiratory 

3 0 viral pathogens in all age groups (van den Hoogen et al., 2001, Nat Med. 7:719-724; 
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Peret et al., 2002, J. Infect Dis. 185:1660-1663; Boivin et al., 2002, J- Infect 
Dis.l86:1330-1334). 

The hMPV was initially isolated from nasopharyngeal aspirates recovered from 28 • 
children suffering ftom respiratory tract infections. Based on partial nucleic acid 
5 sequences, gene organization, and electron microscopy (EM) findings, this virus was 
preliminary assigned to the Paramyxoviridae family, subfamily Pneumovirinae, genus 
Metapneumovirus. Since then, hMPV has been isolated in North America by our 
group (Pcret et at, 2002, J. Infect Dis. 185:1660-1663), in Australia (Nissen et aL, 
2002, Med. J. Aust 176:188), and in England (Stockton et al., 2002, Bmerg. Infect. 
10 Dis. 8:897-901). 

Preliminary vholofiical characteristics of hMPV , 

The initial report by Van Den Hoogen et al (van den Hoogen ©t at, 2001, Nat Med. 
IS 7:719-724) indicated mat the new virus replicated slowly in tertiary monkey kidney 
(TMK) cells with cytopathic effects (CPE) consisting of syncytium formation 
appearing 10-14 days post inoculation. Notably, the virus grew very poorly in Veto 
and A549 cells and could not be propagated in Madin Darby canine kidney (MDCK) 
cells. Virus-infected TMK cell-culture supematants also did not display any 

2 0 hemagglutinatmg activity. The supematants of infected TMK cells were used for EM 
studies, which revealed the presence of paramyxovirus-like pleomorphic particles in 
the range of 150-600 ran with short envelope projections in the range of 13-17 rnn. 
However, RT-PCR studies with primer sets specific for known paramyxoviruses were 
initially all negative. Using a random PCR amplification procedure known as RAP- 

25 PCR (Welsh et at, 1990, Nucleic Acids Res. 18:7213-7218; Ralph et at, 1993, Pxoc. 
Natl, Acad. Set USA. 90:10710-10714), the Dutch investigators identified 
differentially displayed bands (compared to human parainfluenza- 1 virus) which; 
upon sequencing, were found to be most closely related to the avian pneumovirus 
(AFV). 

30 
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APV, the agciu ui umi.G.y » umotracheitiSj has been the sole member of the recently 
assigned Metapneumovirus genus within the Pneumovirinae subfamily (Taxonomy 
Virus, 2000, Seventh Report of the International Committee on Taxonomy of Viruses. 
San Diego. 551, 557, 559-560). The latter virus is a major respiratory pathogen of 

5 turkeys and other domestic fowl worldwide (Yu et al., 1992, Virology. 186:426-434; 
Jones et al., 1987, Vet Rec. 120:301-302; Jones, 1996, Avian Pathol. 25:639-648; 
Seal et al., 2000, Virus Res, 66:139-147). There are four serotypes of APV with 
serotype C (present in US) being the most closely related to bMPV (van den Hoogcn 
et al., 2001, Nat Med. 7:719-724). The metapneumoviruses (including APV and 

10 hMPV) are structurally similar to the human respiratory syncytial virus (hRSV), 
which also belongs to the Pneumoviriyiae subfamily, except for two features: they 
lack the two non-structural proteins (NS1 and NS2) and they have a different genomic 
organization (Yu et al„ 1992, Virology. 186:426-434). Recently, an almost complete 
hMPV sequence (13.4 kb) was reported in GenBank (accession number: AP371337) 

15 (van den Hoogen et al., 2002, Virology. 295:119-132). The overall percentage of 
amino acid sequence identity for the N (nucleoprotein), P (phosphoprotein), M 
(matrix), F (fusion), M2 (membrane), and L (polymerase) proteins is in the range of 
56-88% between hMPV and APV whereas it is 18-44% between hMPV and hRSV. 
However, the G (glycoprotein) and SH (small hydrophobic) proteins of hMPV do not 

20 possess significant amino acid sequence identity with those of any other viruses. In 
contrast to APV, hMPV was shown to be unable to replicate in turkeys and chickens 
but the human virus replicated efficiently in the respiratory tract of cynomolgous 
macaques inducing upper respiratory tract symptoms that correlated with peak viral 
replication in throat samples between 2 to 8 days post infection (van den Hoogen et 

25 al., 2001, Nat. Med. 7;719-724). Thus, these preliminary dab indicated that hMPV 
was a primate pathogen associated with respiratory diseases. 
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Clinical importance of hMPV . 

There is little information about the clinical presentation of hMPV infection. In the 
original report by Van Den Hoogen et aL t 27 of the 23 infected children from the 
5 Netherlands were below the age of five (Yan den Hoogen et al. 5 2001, Nat. Med. 
7:719-724). It was mentioned that those infected patients were diagnosed with a range 
of acute respiratory tract infections (ART!) from mild to severe including 
bronchiolitis and pneumonia although no detailed clinical data were provided. In a 
limited study conducted in the winter of 2000, the same authors found that 7 (« 10%) 

10 of 6$ pediatric patients with unexplained ARTI had evidence of acute hMPV infection 
by RT-PCR (van den Hoogen et at, 2001, Nat Med. 7:719-724). In addition, 
Australian investigators reported the detection of hMPV by RT-PCR in 3/200 (1.5%) 
nasopharyngeal aspirates from children whose specimens were negative for the 
common respiratory viruses during the winter of 2001 (Nissen et at, 2002, Med. J. 

15 Aust 176:188). Recently, hMPV RNA was detected by RT-PCR in 9/405 (2.2%) of 
nasopharyngeal swabs from English patients who consulted for influenza-like 
illnesses and had negative tests for other pathogens (Stockton et al., 2002, Emerg. 
Infect Dis. 8:897-901). These studies, however, suffer from major limitations such as 
their small size (in most cases), the superficial description of clinical features, the lack 

2 0 of morbidity/mortality data, their retrospective nature, the exclusion of patients who 
rested positive for other viruses, and the absence of a control group. 

Thus far, seroprevalence studies have been limited to the Dutch population. An 
indirect immunofluorescence assay (IFA) using infected TMK cells has revealed that 
25 25% of the children aged between 6 and 12 months had hMPV antibodies and 70% 
had become seropositive by the age of 5 years (n=60) (van den Hoogen et aL, 2001, 
Nat. Med. 7:719-724). Retrospective serological testing also indicates that hMPV has 
been circulating in the Dutch population for at least half a century. 



30 Diagnosis of hMPV infections 
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Our laboratory was the first to report the presence of hMPV in America and the 
second in the world following the initial report from die Netherlands (Peret et al, 
2002, J. Infect. Dis. 1S5: 1660-1 663). Our first 11 hMPV strains were isolated on 
LLC-MK2 cells, a continuous cell line from rhesus monkey kidneys that is used in 
5 out center to recover parainfluenza viruses (PIV). Electron microscopy studies of 
these isolates revealed pleomorphic, spherical and filamentous particles with 
characteristics (nucleocapsid diameter and pitch spacing, length of projections) that 
were consistent with paramyxoviruses. RT-PCR and immuriofluorescent assays for 
paramyxoviruses (PIV 1-3, hRSV) and other respiratory viruses (adenoviruses, 
10 coronaviruges, influenza viruses A and B, rhino-viruses) were negative for all 11 
isolates. In contrast, amplification of the hMPV F (fusion) and M (matrix) genes 
based on published partial sequences (van den Hoogen et al., 2001, Nat. Med. 7:71 9- 
724; van den Hoogen et al. t 2002, Virology. 295:1 19-132) was positive for all isolates 
(Peret et al., 2002, J. Infect Dis. 185:1660.-1 663). 

15 Subsequently, the virological features and clinical findings associated with a larger set 
of 38 hMPV strains from subjects hospitalized at our institution (CHUL, Quebec 
City) since 1993 were examined in our laboratory (Boivin et aL, 2002, J. Infect Dis. 
1S6: 1330-1334). With all cell lines used in our laboratory, we were able to determine 
that the previously unidentified hMPV strains only consistently grew on LLC-M1C2 

20 cells after a mean incubation time of 173 days (range 3-23 days). Interestingly, most 
isolates recovered before 2002 produced only limited syncytia on LLC-MK2 cells, 
whereas some of the recent strains produced large syncytia typical of those induced 
by hRSV. Notably, we also observed a seroconversion for hMPV in two adult patients 
for whom acute and convalescent sera were available using an IFA test designed in 

25 our laboratory- Such seroconversion episodes (titers from < 1/10 to 1/SO and. from < 
1/10 to 1/160 over 2 and 4 weeks, respectively) occurred during the course of the 
patients' illness suggesting that hMPV was a true respiratory pathogen. A 
pbylogenetic analysis of hMPV Canadian strains based on F gene sequences 
identified two major phylogenetic groups. At the nucleotide level, we found a 

30 similarity of 94.2-100% and 92.6-100% for isolates of groups 1 and 2, respectively, 
whereas the similarity at the amino acid level was higher i.e. 96.8-100% (group 1) and 
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97.2-100% (group 2) suggesting a fbncfonal/immtmological conservation of the F 
protein. mteresringly, co-circulation of the two hMPV groups during some years was 
observed. 

5 Over the past 9 years, most (86.7%) hMPV strains from our center were isolated 
during a 5-month period, from December to May. As an indication of the relative 
frequency of detection of hMPV compared to other respiratory viruses, we reviewed 
all respiratory samples (n ■ 862) sent to our virology laboratory for viral culture 
during the winter season (Dec, to May) of 2000-01. During this period, hMPV was 

1 0 recovered in 2.3% of all respiratory samples tested by viral culture compared to 2.3% 
for PIV, 3.4% for adenoviruses, 4.S% for hRSV, and 19.8% for influenza A or B 
viruses. Overall, hMPV represented 7.1% of all positive cultures from respiratory 
samples during that winter season with percentages of 4.1%, 2.8%, and 29.3% for 
patients aged 0-5, 5-65, and > 65 years, respectively. A retrospective review of the 

1 5 clinical charts from hMPV-mfected subjects identified for the first time the role of 
this vims as a cause of severe lower respiratory tract infections in all age groups but 
especially in young children, elderly subjects, and immunocompromised patients. 
More specifically, the most frequent diagnoses associated with hMPV infection in 
hospitalized children were pneumonitis (66%) and bronchiolitis (58.3%) whereas 

2 0 bronchitis/bronchospasm (60%) and pneumonitis (40%) were most commonly seen in. 

elderly subjects (Boivin et al„ 2002, J. Infect Dis. 186:1330-1334). Although no 
histopathological studies were available, hMPV was the only pathogen identified in 
respiratory tract secretions of 3 subjects (including 2 with immunosuppressive 
conditions) who died of respiratory insufficiency, 

25 

We recently studied in greater derails one of the cases associated with a fatal hMPV 
infection (Pelletier et aL, 2002, Emerg. Infect. Dis. 8:976-978). Interestingly, this 
child with acute lymphoblastic leukemia was successively infected by two 
genetically-distinct hMPV strains on two consecutive winter seasons. On each 

3 0 occasion, hMPV was the only pathogen isolated from a nasopharyngeal aspirate 

obtained during the course of lower respiratory tract infections (bronchiolitis in the 
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first year, bronchiolitis followed by fatal pneumonitis in the second year). 
Comparative sequence analysis of the amplified F gene products (759 bp) revealed 
that the two vjral isolates differed by 1 14 nucleotides (10 amino acids) and. belonged 
to two different hMPV groups. Overall, our data suggest that many hMPV strains may 
5 co-circulate in a specific population during a given period and such viral diversity 
coupled with a waning immunity (as found in elderly subjects and 
immunocompromised patients) may lead to multiple and sometimes fatal reinfections 
similar to those reported with hRSV (Hall, 2001, N. Engl. J. Med 344-1917-1928; 
Couch et al., 1997, Am. J. Med. 102:2-9). 

10 

The role and relative contribution of hMPV were recently further expanded in a 
prospective case-control study performed at our institution during the winter of 2001- 
02 (Dec. 1 5-April 20). All children < 3 years were eligible as cases if they were 
hospitalized for a lower respiratory tract infection (bronchiolitis, croup, pneumonitis) 

15 whereas controls consisted of children matched for age and hospitalized for an 
elective surgery during the same period with no respiratory symptoms. 
Nasopharyngeal aspirates were obtained from all participants for real-rime PCR 
studies performed on a LightCycler (Roche). The latter included a multiplex RT-PCR 
for common respiratory viruses (influenza A, influenza B, hRSV) and a real-time RT- 

20 PCR assay for hMPV (analytical sensitivity of 100 copies per PCR reaction). No 
viruses were detected in samples from the 51 control patients. In contrast, at least one 
virus was identified in samples from 163 (78.4%) of the 208 cases (51% hRSV, 
21.6% influenza A, 0% influenza B, 5.8% hMPV, and 5.9% co-infections). hRSV and 
influenza A infections occurred predominandy in the period between January and 

2 5 March 20t)2, whereas hMPV infections increased after February. In fact, 1 1/12 hMPV 

cases occurred within a 4-week period from mid-March to mid-April accounting for 
18.9% of all ARTI in children during this period. Data collected from our virology 
laboratory indicated that the hMPV outbreak extended after the end of the study 
protocol (April 20) which suggests that hMPV seasonal pattern may differ from that 

3 0 of other respiratory viruses. A bronchiolitis was diagnosed in 67% of hMPV-infected 

children whereas 16.7% developed a pneumonia. In brief, there was no statistical 
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difference between the different viruses with regard to the symptomatology and 
reported diagnoses. Similarly, the median duration of hospitalization for the 3 viruses 
was identical (4-5 days). 

5 In view of the above, it will be appreciated that diagnosis assay that can rapidly detect 
the presence of many respiratory viruses is needed. 

Respiratory viruses have been classically identified by viral culture using a variety of 
permissive cell lines. However, viral culture is not convenient for clinical 

10 management due to the need of specialized techniques (cell culture, 
immunofluorescence methods), the long turnaround time before appearance of typical 
cytopathio effects for many viruses (up to a few weeks), and the need for rapid 
inoculation of an infectious virus into multiple cell lines for optimal sensitivity 
(Specter ct al., 2002, Clinical Virology, 2 nd erL, ASM Press, Washington, D.C, t 243- 

15 272). 

Antigenic detection kits for some respiratory viruses (influenza viruses and hRSY) 
have been developed by many companies. Most are irnmunoenzymatic assays 
(EUSA) based on the capture of a viral antigen by a specific monoclonal antibody. 

20 Although such assays eliminate many of the problems inherent to viral cultures (no 
need for specialized equipment, rapid turnaround time in < 30 min, no need to recover 
an infectious virus), they have not been widely adopted due to poor sensitivity and/or 
specificity compared to viral culture. For instance, the sensitivity and specificity of 
some rapid antigenic tests for influenza has varied from 46 to 96 % and from 52 to 99 

25 %, respectively, compared to viral culture. The performance of these tests is 
dependent on many variables such as the patient's age, the type of specimen and the 
duration of the disease (Hayden et al, 2002, Clinical Virology, 2 nd ed., ASM Press, 
Washington, D.C-, 891-920). The performance of the rapid antigenic tests for hRSV 
has been considered quite good in children with sensitivity and specificity varying 

30 -from 80 to 95 % (Piedra et al., 2002. Clinical Virology, 2 nd e<L, ASM Press, 
Washington, D.C., 763-790) but poor in adults (Englund et aL, 1996, J. Clin. 
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Microbiol. 34:16494653). Detection of antibodies against viral pathogens (serology) 
has a * limited value in the diagnosis of acute viral infections since two serums, 
collected at a 2 to 3 week interval, are required in order to document a significant rise 
in viral antibody titers. 

5 

More recently, PGR or RT-PCR assays have been developed for many respiratory 
viruses allowing detection of small amounts of viral DNA or RNA in a clinical 
sample. In the so-called "multiplex" format, PGR assays have been designed to 
amplify more than one viral target in the same PCR reaction (Ellis et al., 1997, J. Clin. 

10 Microbiol. 35:2076-2082; Fan et ah, 1998, Clin, Infect. Dis. 26:1397-1402; Liolios et 
aL, 2001, 1 Clin. Microbiol. 39:2779-2733; Grondahl etal.; 1999, J. Clin. Microbiol. 
37:1-7). However, most multiplex PCR assays reported to date do not allow the 
simultaneous detection of all viruses involved in acute respiratory tract infections of 
humans and tiiey require separate steps for the amplification and detection of viral 

15 genes, greatly Increasing the assay's turnaround time and preventing reliable 
quantification of the amplicons. At present, only one multiplex PCR assay (the 
Hexaplex test from Prodesse, Waukesha, WI) is commercially-available. The 
Hexaplex detects 6 respiratory viruses (influenza A and B, PTV 1-3 and hRSV) using 
specific viral probes in a microplate format (Fan et al. 9 1998, Clio. Infect Dis. 

20 2611397-1402; Kehl et al., 2001, J. Clin. Microbiol. 39:1696-1701). This assay does 
not use real-time amplification methodologies and has a turnaround time of about one 
full working day. Tims, there is a need for developing more rapid molecular assays 
that permit detection of a larger panel of respiratory viral pathogens. 

25 Rapid and sensitive detection of respiratory viruses is an important clinical goal to 
help physicians select me most appropriate antiviral, reduce nosocomial transmission 
of pathogens, decrease the length of hospitalization, and reduce anHbiotic use and 
bacterial resistance. The present invention relates to the development of multiplex 
assays based on nucleic acids detection for sensitive and rapid diagnosis of most viral 

3 0 respiratory pathogens of humans . ! 
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SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a rapid and sensitive method using 
amplification primers and/or probes for determining the presence and/or the amount 
in a test sample of nucleic acids from clinically important respiratory viral pathogens 
5 including human metepneurnovirus. 

In another aspect there is provided multiplex assays aimed at detecting conserved 
genes of common respiratory viral pathogens such as influenza A and B, human 
respiratory syncytial vims (hRSV) A and B, human metapnBumovirus .(hMPV), 
10 parainfluenza viruses (PIV) types 1-4, adenoviruses, rhinoviruses, enteroviruses, and 
coronaviruses. 

The nucleic acid amplification method is preferably but not exclusively PGR. In'a 
preferred embodiment, identification of the amplicons produced by the amplification 
15 of nucleic acids from respiratory viruses is achieved by verifying the specific melting 
temperature of amplified viral products or by hybridization with specific viral probes. 
Other amplification technologies including target and probe amplification techniques 
as well as signal amplification techniques performed in liquid phase or onto solid 
supports may also be used. 

20 

It is an object of the present invention to provide a method using nucleic acid 
amplification and/or detection for determining the presence and/or the amount of 
nucleic acids of the human metapneumovirus (hMPV). 

25 In a preferred embodiment, the nucleic acid amplification method is PGR- However, 
other amplification technologies including target and probe amplification techniques 
as well as signal amplification performed in liquid phase or onto solid support may 
also be used. 
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This invention provides a method to detect the presence of hMPV in a test sample 
based on the detection of a iracleotide sequence from either the nucleocapsid (N), 
phosphoprotein (P), matrix (M)> fusion (F), membrane (M2), polymerase (L), 
glycoprotein (G), and small hydrophobic (SH) genes. In a particularly preferred 
5 embodiment, the method to detect the presence of hMPV in a test sample is based on 
the detection of a nucleotide sequence from the nucleoprotein (N) or polymerase (L) 
genes. 

In another embodiment, identification of amplified hMPV products is achieved by 
1 0 verifying the specific melting temperature of amplified viral products or hy 
hybridization with hMPV-speciflc probes. 

It is another object of this invention to provide a method for typing hMPV strains 
which comprises the steps of reproducing the above amplification method followed 
15 by either hybridization using type-specific probes, DNA sequencing or restriction 
enzyme analysis. Typing is done preferentially, but not exclusively, on the most 
- variable hMPV genes' i.e. the fusion (F) and glycoprotein (G) genes. 

All the proprietary DMA fragments and oligonucleotides useful in the detection or 
2 0 identification of a hMPV strain are further objects of this invention as well as any 
composition of matters that include them (recombinant vectors, hosts, diagnostic 
kits...). 

25 BRIEF DESCRIPTION OF THE DRAWINGS 

Further features and advantages of the present invention will become apparent from 
•the following detailed description, taken in combination with the appended drawings, 
m which: 
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Figure 1 represents a melting curve analysis of amplified hMPV strains using specific 
nucleoprotein primers (Sequence ID Nos. 92 and 94) ; 

Figure 2 shows an ethidium bromide-stained agarose gel showing restriction fragment 
5 length polymorphism of amplified hMPV fusion (F) gene sequences digested with , 
enzymes ApaL I and Avr ILPCR products of the hMPV F gene (amplified with 
primers sequence ID Nos. 97 and 98) were digested with ApaL I and Avx n. Strains 
belonging to hMPV genotype F-l were digested only by ApaL I resulting in two 
fragments of 532 bp and 227 bp whereas strains belonging to hMPV genotype F-2 
10 were digested only by Avr II resulting in fragments of 447 and 312 bp.; 

Figure 3 shows the age at admission of children hospitalized for acute respiratory traot 
infections (ARTI) caused by hMPV (A), hRSV (B), and influenza A (C) as well as for 
the whole study population (D) described in example 4; 

15 

Figure 4 represents the biweekly distribution of virologically cases with acute 
respiratory tract infections and their controls in the study reported in example 4; 

Figure 5 represents the biweeWy distribution of hMPV isolates in the study group 

2 0 (hospitalized children) described in example 4 and in respiratory specimens tested at 

the regional virology laboratory (RVL); 

Figure 6 illustrates a phylogenetic tree of hMPV strains recovered as part of the study 
described in example 4 also mcluding the prototype strain from the Netherlands 
25 (GenBankaf371367) and a Canadian isolate from season2000-01 (hMPV3 5-2001), 
The dates of sample collection are in parentheses; 

Figure 7 is a melting curve analysis of viral strains amplified using the respfratory-1 
multiplex real-time PCR assay. A- Multiplex real-time PCR assay using hMPV N 

3 0 primers (SEQ ED NOS. 95 and 96). B- Multiplex real-rime PCR assay using hMPV L 
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primers (SEQ ID NOS. 112 and 114). Note: the internal control is apparent {Tm: 
9 1 °C) in the absence of amplification of specific viral products.; 

Figure 8 is a melting curve analysis of viral strains amplified using the respiratory-2 
5 multiplex real-time PGR assay. Note: The internal control is apparent (Tm: 91°C) in 
the absence of amplification of specific viral products; 

Figure 9A is a fluorescence signal as a function of elongation step for the 
determination, of the hMPV load in clinical samples using quantitative real-time PCR; 

io 

Figure 9B is a standard curve for determination of the hMPV using quantitative real- 
time PCR; 

Figure 1 OA is a phylogenetic tree for the F gene of hMPV; 

15 

Figure 1 OB is a phylogenetic tree for the G gene of hMPV; 

Figure 11 is a melting curve analysis of amplified viral genes and of an internal 
control as determined by the LightCycler instrument Note that high amounts of 
2 0 amplified viral products may preclude detection of the internal control in some PCR 
runs; and 

Figure 12 is a melting curve analysis SARS-coronavirus using a real time PCR assay* 

25 It will be noted that throughout the appended drawings, like features are identified by 
like reference numerals. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

The invention provides nucleic acid based diagnostic methods and compositions to 
detect and quantify respiratory viruses. 

5 

In a preferred embodiment respiratory viral pathogens targeted by the diagnostic 
assays include all genotypes of influenza A and B viruses, hRSV> hMPV, PIV, 
adenoviruses, rhino viruses, and enteroviruses. Other less common (coronaviruses, 
reoviruses) and yet to be discovered respiratory viruses are also targets under the 
10 scope of the present invention. 

In the description of this invention, the terms «nucieic acids» and «sequences» might 
be used interchangeably. However, «nucleic acids» are chemical entities while 
1 «sequences» are the pieces of information encoded by these «nucleic acids». Both 
nucleic acids and sequences are equivalent^ valuable sources of information for the 
1 5 matter pertaining to this invention. 

In one embodiment the method targets conserved HMPV nucleotide sequences for 
diagnostic purposes and variable hMPV sequences for epidemiological typing 
purposes. Nucleotide sequences were selected either from a number of hMPV viral 
20 sequences obtained in the inventor's laboratory or from public databases (GenBank 
accession number AF371337). 

Our proprietary DMA fragments and oligonucleotides (a non-restrictive list of primers . 
and probes) are listed in the following tables. 

25 

It will be understood by those skilled in the art that sequences that can selectively 
hybridize to the sequences of the present invention are also comprised in the scope of 
the invention. By selectively hybridizing it is meant that a nucleic acid molecule binds 
to a given target in a manner that is detectable in a difTercmt maimer from non-target 
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sequence under moderate, or more preferably under high, stringency conditions of 
hybridization. "Complementary" Or "target" nucleic acid sequences refer to those 
nucleic acid sequences which selectively hybridize to a nucleic acid molecule. Proper 
annealing conditions depend, for example, upon a nucleic acid molecule's length, base 
5 composition, and the number of mismatches and their position on the molecule, and 
must often be determined empirically. For discussions of nucleic acid molecule 
(probe) design and annealing conditions, see, for example, Sambrook et al. 1989 
(Sambrook, et al., Molecular Cloning: A Laboratory Manual, 2d Edition, Cold Spring 
Harbor Laboratory Press, Cold Spring Harbor, !N.Y. (1989)) or Ausubel et al. 1987 
1 0 (Ausubel, F., et al., Current Protocols in Molecular Biology, New York (1 987)). 

The detection of the viruses including the hMP V is conducted through compositions 
of matters such as diagnostic kits comprising the amplification primers or probes of 
this invention. 

15 

In the methods and kits of the present invention, probes and primers are not limited to 
nucleic acids and may include, but are not restricted to, analogs of nucleotides. The 
diagnostic reagents constituted by the probes and the primers may be present in any 
suitable form (bound to a solid support, liquid, lyophilized, etc.) for detection and/or 

2 0 amplification of nucleic acid sequences of the viruses. 

In the methods and kits of the present invention, amplification reactions may include 
but are not restricted to: a) polymerase chain reaction (PCR), b) ligase chain reaction 
(LCR), c) nucleic acid sequence-based amplification (NASBA), d) self-sustained 
25 sequence replication (3SR), e) strand displacement amplification (SDA), f) branched 
DNA signal amplification (bDNA), g) transcription-mediated amplification (TMA), 
h) cycling piobe technology (CPT), i) nested PCR, j) multiplex PCR, k) Solid phase 
amplification (SPA), 1) nuclease dependent signal amplification (NDSA), m) rolling 
circle amplification technology (RCA), n) anchored strand displacement 

3 0 amplification, o) solid-phase (immobilized) rolling circle amplification. 
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. In the methods and Kits of the present invention, detection of the nucleic acids of 
target genes may include real-time or post-amplification technologies. These detection 
technologies can include, hut are not limited to, the use of intercalating agents such as 
5 SYBR green, fluorescence resonance energy transfer (FRET)-based methods such as 
adjacent hybridization of probes (including probe-prohe and probe-primer methods), 
TaqM&a probe, molecular beacon probe, Scorpion probe, nanoparticle probe and 
Amplifluor probe. Other detection methods include target gene nucleic acids detection 
via immunological methods, solid phase hybridization methods on filters, chips or any 

10 other solid support. In these systems, the hybridization can be monitored by 
fluorescence, chemiluminescence, potentiometry, mass spectrometry, plasmon 
resonance, polarimetry, colorimetry, flow cytometry or scanometry. Nucleotide 
sequencing, including- sequencing by dideoxy termination or sequencing by 
hybridization (e.g. sequencing using a DNA chip) represents another method to detect 

1 5 and characterize the nucleio acids of target genes. 

Amplification of hMPV sequences 



20 



In one aspect of the invention there is provided methods and compositions for 
detecting hMPV in a sample. 



In a preferred embodiment, a reverse-transcription (RT>PCR protocol is used for 
nucleic acid amplification. The single-stranded viral RNA is converted to 
complementary DNA using an enzyme possessing a reverse transcriptase activity and 
a specific hMPV primer. Alternatively, random hexamer primers can be substituted to 

25 the specific hMPV primer. In a preferred embodiment, viral RNA was prealably 
extracted from 200 \i\ of naso-pharyngeal aspirates using the QlAamp Viral RNA 
Mini Kit (QIAGEN). Complementary DNA was synthesized using 10 yl of eluted 
KNA, 0.75 uM of a specific hMPV primer (Table 2, sequences ID Nos. 91, 97, 100, * 
102, 1 09, 1 12) 5 and the Omniscript Reverse Transcriptase Kit (QIAGEN, 

3 0 Mississauga, ON, Canada) following the manufacturer's recommendations. 
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For DNA amplification by the widely used PCR method, primer pairs were derived 
from our proprietary DNA fragments or from public database sequences (Table 1). 'ggjfec 
During DNA amplification by PCR, two oligonucleotide primers binding respectively 
to each strand of the heat-denatured target DNA from the microbial genome arc used 
5 to amplify exponentially in vitro the target DNA by successive thermal cycles 
allowing denaturation of the DNA, annealing of the primers and synthesis of new 
targets at each cycle (Persing, 1993, Diagnostic Molecular Microbiology: Principles 
and Applications, American Society for Microbiology, Washington, DC- 88-109). 

10 In a preferred embodiment, complementary DNA was amplified using a real-time 
PCR procedure with, 'the LC Faststart DNA Master SYBR Green 1 Kit (Roche 
Diagnostics, Laval, QC, Canada) or the SYBR Green TAQ ReadyMix for quantitative 
PCR capillary formulation (Sigma-Aldrich, Oakville, ON) in a LightCycler 
instrument (Roche Diagnostics). Each reaction had a total volume of 20 ul including 2 

15 u.1 of RT mixture and 18 ul of a reaction mixture containing 4 mM MgCh, 2 ul of 
Faststart DNA SYBR Green Master Mix or the SYBR Green TAQ ReadyMix for 
quantitative PCR oapiUary * formulation, 3% DMS0 4 and 0.5 uM of each hMPV 
primer (see Tables 2 and 4 for sequence ID Nos. and specific combinations of primers 
for amplification* respectively). Cycling conditions typically included an initial 

20 denaturation step of 10 min. at 94°C, followed by 50 cycles of 15 s at 94°C, 5 b at 
54°C, and 30 s at 72°C. However, the cycling conditions could slightly vary 
according to the hMPV gene to amplify. 

The person skilled in the art of nucleic acid and/or signal amplification knows the 

2 5 existence of other rapid amplification procedures such as ligase chain reaction (LCR), 

reverse transcriptase PCR (RT-PCR), transcription-mediated amplification (TMA), 
self-sustained sequence replication (3SR), nucleic acid sequence-based amplification 
(NASBA), strand displacement amplification (SDA), branched DNA (bDNA), 
cycling probe technology (CPT), solid phase amplification (SPA), rolling circle 

3 0 amplification technology (RCA), solid phase RCA, anchored SDA and nuclease 

dependent signal amplification (NDSA) (Persing, 1993, Diagnostic Molecular 
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Microbiology: Principles and Applications, American Society for Microbiology,.. 
Washington, DC. 88-109; Lee, 1997, Nucleic Acid Amplification Technologies: 
Applications to Disease Diagnosis, Baton Publishing, Boston, MA. 61-125; Westin et 
al, 2000, Nat. Biotechnol. 18:199-204). The scope of this invention is not limited to 
5 the use of amplification by PCR, but rather includes the use of any nucleic acid • 
amplification method or any other procedure which may be used to increase the 
sensitivity and/or the rapidity of nucleic acid-based diagnostic tests. The scope of the 
present invention also covers the use of any nucleic acid and/or signal amplification 
and detection technology including real-time or post-amplification detection 
10 technologies, any amplification technology combined with detection, any 
hybridization nucleic acid chips or array technologies, any amplification chips or 
combination of amplification and hybridization chip technologies. Detection and 
identification by any nucleotide sequencing method is also under the scope of the 
present invention. 

15 

Any oligonucleotide, useful for diagnosis, and which are derived from hMPV 
sequences and used with any nucleic acid amplification and/or hybridization 
technologies are also under the scope of this invention. 

20 Detection of amplification products 

Classically, the detection of PCR amplification products is performed by standard 
eihidium bromide-stained agarose gel electrophoresis. Using this approach, primers 
specific for a nucleotide sequence from either the nucleocapsid (N), phosphoprotein 

25 (P), matrix (M), fusion (F), polymerase (L), glycoprotein (G), genes generated 
amplicons of various lengths depending on the selected primers pairs (Table 4). It is 
however clear that other detection methods of amplified products may be faster, more 
sensitive, and more practical. Amplicon detection may also be performed by solid 
support or liquid hybridization using strain-specific internal DNA probes hybridizing 

30 to an amplification product. Such probes may be generated from sequences from our 
repertory (Table 1) and designed to specifically hybridize to DNA amplification 
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products which are objects of the present invention. Ampiicons can also be 
characterized by DNA sequencing. Alternatively, a rapid detection method developed 
with real-time PCR assays consists of determining the specific melting temperature of 
ampiicons at the end of the amplification reaction. 

5 

In a preferred embodiment, detection of hMPV ampiicons was characterized using the 
melting curve analysis feature of a real-time PCR instrument Briefly, following the 
last amplification cycle on a LightCycler instrument, the internal temperature was 
rapidly increased to 94°C then decreased to 60°C for 30 seconds, followed by slowly 

1 0 increasing to 94°C at a rate of 0. 1 *C per second, with continuous fluorescence lecture. 
Using this procedure, the specific melting temperature obtained with the specific 
ampiicons produced by the pairs of rnimers specific for the N (SEQ ID No 92+94), M 
(SEQ ID No 100+101), F (SEQ ID 97+98), P (SEQ ID No 102 +103) and L (S£Q ID 
No 1 12 + 113) gene sequences was found to be S2.63°C ± 0.87°C, 82.75°C ± 0.S0°C, 

15 83.29°C ± 0.45*C, S0.48°C ± 0.46°C, and 77.99 ± 0.33*0, respectively (Table 5 and 
see also Figure 1 for example of the melting temperature obtained for different hMPV 
strains with the N primers). Alternatively, we also designed specific adjacent and 
TaqMan fluorescent probes for the various hMPV gene products (N, M, F f G, P and 
L) that can be used for real-time detection and quantification of ampiicons (Table 3). 

20 Here, quantification of hMPV gene products is achieved through fluorescence 
resonance energy transfer (FRET) when the two probes hybridize nearby on a 
complementary DNA sequence. Other types of detection methods including the use of 
TaqMan Or molecular beacon probes specific for the hMPV sequences described 
above are also under the scope of this invention. 

25 

Typing of hMPV 

Previous studies have shown that two major genotypes of hMPV circulate in North 
America and Europe (van den Hoogen et al. a 2001, Nat Med, 7:719-724; Boivm et 
30 aL, 2002, J. Infect Dis. 186:1330-1334). We also designed a rapid molecular typing 
method for epidemiologic studies based on amplification of a portion of the F (fusion) 
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glycoprotein (primer sequence ID Nos. 97 and 98, Tables 2 and 4) followed by DNA 

sequencing or digestion with restriction enzymes (ApaL I and Avr H). Table 6 

/ 

summarizes the size of the F fragments obtained for different hMPV isolates 
following enzymatic digestion and the corresponding genotype (see also Figure 2 for 
5 an example of the band pattern following electrophoresis on ari agarose gel). 
Alternative typing methods based on the use of type-specific hMPV F primers and/or 
probes as well as DNA sequencing of amplified products are also within the scope of 
this invention. hMPV subtyping using similar methodologies for the other surface 
glycoprotein (i.e. the G gene) may also be used. 

10 

A method for detection of a plurality of potential hMPV strains having different 
genotypes may be conducted in separate reactions and physical enclosures, one type 
at the time. Alternatively, it could be conducted simultaneously for different types in 
separate physical enclosures, or in the same physical enclosures. In the latter scenario 

15 a multiplex PGR reaction could be conducted which would' require that ; the 
oligonucleotides are all capable of annealing with a target region under common 
conditions. Since many probes or primers are specific for a detemuned genotype, 
typing an hMPV strain is under the scope of the present invention. When a mixture of 
oligonucleotides annealing together with more than one type of hMPV is used in a 

20 single physical enclosure or container, different detection labels would be used to 
distinguish one type from another. 

The "diagnostic kits, primers and/or probes mentioned above can be used to detect 
and/or identify hMPV, whether said diagnostic kits, primers and probes are used for 
in vitro or in situ applications. The said samples may include but are not limited tor 
25 any clinical sample, any environmental sample, any viral culture, any tissue, or any 
cell line. 

It is also an object of the present invention that said diagnostic kits, primers and/or 
probes can be used alone or in combination with any other assay suitable to detect 
30 and/or identify other microorganisms (i.e. viruses, bacteria, fungi, and parasites) 
including but not limited to: any assay based on nucleic acids detection, any 
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immunoassay a any enzymatic assay, any biochemical assay, any lysotypic assay, any 

serological assay, any culture on specific cell lines, and any infectivity assay on 

animals. 

5 In the methods and kits described herein below, the oligonucleotide probes and 
amplification primers have been derived from larger sequences (i.e. DNA fragments 
of at least 10b base pairs). All DNA sequences have been obtained either from our 
proprietary sequences (Table 1) or from SEQ ID No. 1 from public databases. 

10 It is clear to the individual skilled in the art that oligonucleotide sequences other than 
those described in the present invention and which are appropriate for detection 
and/or identification of hMPV may also be derived from the proprietary fragment 
sequences or selected public database sequences. For example, the oligonucleotide 
primers or probes may be shorter but of a length of at least 10 nucleotides or longer 

1 5 than the ones chosen; they may also be selected anywhere else in the proprietary DNA 
fragments cr in the sequences selected from public databases; they may also be 
variants of the same oligonucleotide. If the target DNA or a variant thereof hybridizes 
to a given oligonucleotide, or if the target DNA or a variant thereof can be amplified 
by a given oligonucleotide PCR primer pair, the converse is also true : a given target 

20 DNA may hybridize to a variant oligonucleotide probe or be amplified by a variant 
oligonucleotide PCR primer. Alternatively, the oligonucleotides may be designed 
from said DNA fragment sequences for use in amplification methods other than PCR. 
Consequently, the core of this invention is the detection and/or identification of 
hMPV by targeting -DNA sequences which are used as a source of specific and 

25 ubiquitous oligonucleotide probes and/or amplification primers. Although the 
selection and evaluation of oligonucleotides suitable for diagnostic purposes require 
much effort, it is quite possible for the individual skilled in the art to derive, from the 
selected DNA fragments, oligonucleotides other than the ones listed in Tables 2 and 
3 which are suitable for diagnostic purposes. When a proprietary fragment or a public 

30 database sequence is selected for its specificity and ubiquity (i.e. ability to detect all 
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hMPV strains), it increases the probability that subsets thereof will also be specific 
and ubiquitous. 

The proprietary DNA fragments have been obtained as a repertory of sequences 
5 created by amplifying hMPV nucleic acids with proprietary primers. These primers 
and the repertory of nucleic acids as well as the repertory of nucleotide sequences are 
further objects of this invention (Tables 1-3). 

As part of the design rules, all oligonucleotides were evaluated for their suitability for 
10 hybridization or PCR amplification by computer analysis using standard programs 
(i.e. the GCG Wisconsin package programs, the primer analysis software Oligo™ 6 
and MFOLD 3.0). The potential suitability of the PCR primer pairs was also 
evaluated prior to their synthesis by verifying the absence of unwanted features such 
as long stretches of the same nucleotide and a high proportion of G or C residues at 
15 the y end (Persing, 1993, Diagnostic Molecular Microbiology: Principles and 
Applications, American Society for Microbiology, Washington, DC. 88-109). 
Oligonucleotide amplification primers were synthesized using an automated DNA 
synthesizer (Applied Biosystems). 

20 The oligonucleotide sequence of primers or probes may be derived from either strand 
of the duplex DNA. The primers or probes may consist of the bases A, G, C, or T or 
analogs and they may be degenerated at one or more chosen nucleotide position(s) 
(Nichols et aL, 1994, Nature. 369;492-493). Primers and probes may also consist of 
nucleotide analogs such as Locked Nucleic Acids (LNA) (Koskhin et aL, 1998, 

25 Tetrahedron Lett. 54: 3 607-3 63 0)> and Peptide Nucleic Acids (PNA) (Egholm et al., 
1993, Nature. 365:566-568). The primers or probes may be of any suitable length and 
may be selected anywhere within the DNA sequences from proprietary fragmcnts 3 or 
from selected database sequences which are suitable for the detection of hMPV. 

30 Variants for a given target microbial gene are naturally occurring and are attributable 
to sequence variation within that gene. For example, different strains of the same viral 
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species may have a single or more nucleotide variation® at the oligonucleotide 
hybridization site. The person slrilled in the art is well aware of the existence of 
variant nucleic acids. and/ or sequences for a specific gene and that the frequency of 
sequence variations depends on the selective pressure during evolution on a given 
5 gene product. The detection of a variant sequence for a region between two PGR 
primers may be demonstrated "by sequencing the amplification product. In order to 
show the presence of sequence variations at the primer hybridization site, one has to 
amplify a larger DNA target with PGR primers outside that hybridization site. 
Sequencing of this larger fragment will allow the detection of sequence variation at 

10 this primer hybridization site, A similar strategy may be applied to show variations at 
the hybridization site of a probe. Insofar as the divergence of the target nucleic acids 
and/or sequences or a part thereof does not affect significantly the sensitivity and/or 
specificity and/or ubiquity of the amplification primers or probes, variant microbial 
DNA is under the scope of this invention. Variants of the selected primers or probes 

1 5 may also be used to amplify or hybridize to a variant target DNA. 

In an other aspect of the invention there is also provided newly isolated human 
metapneumoviruses deposited with International Depository Authority of Canada on 
•December 11 2003 and bearing 1DAC numbers 111203-01 and 111203-02 (also 

2 0 referred herein as CAN 97-83 and CAN 98-75 respectively). 

In a further aspect of the invention the diagnostic method is designed at performing 
simultaneous detection of nucleic acids from a variety of respiratory viruses using 
Specific primers and/or probes. The method is aimed at detecting and/or quantifying 
25 conserved viral sequences from respiratory viruses for diagnostic purposes. Target 
nucleotide sequences were selected public databases and from viral strain sequences 
obtained in the inventor's laboratory. 

The specific respiratory viral pathogens targeted by the diagnostic assays include all 

3 0 genotypes of influenza A and B viruses, hRSV 3 hMPV, PIV ? adenoviruses, 

rhinoviruses, and enteroviruses. Other less common (coronaviruses, reovimses) and 
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yet to discover respiratory viruses are also targets under the scope of the present 
invention. 

The specific combination of oligonucleotides (primers and/or probes) in a multiplex 
5 format is also another object of this invention. 

Composition of matters such as diagnostic kits comprising amplification primers 
and/or probes for the detection of respiratory viruses are also objects of the present 
invention. 

Amplification of viral sequences 

In a preferred embodiment, a PCR protocol is used for nucleic acid amplification. 
Multiplex assay, aimed at amplifying- a plurality of respiratory viruses in the same . 
1 5 physical enclosure, is an obj ect of the present invention. 

We aim at developing DNA-based tests or diagnostic tats to detect and identify most 
respiratory viruses in a limited number -of amplification reactions using specific 
primers (Table 10) and/or probes (Table 11). Although some of the primer sequences 

2 0 used for amplification of the various respiratory viruses, with the exception of hMPV 

(SEQ. ID. Nos. 95 and 96 or 1 12 and 1 14), PIV-1 (SEQ. ID. Nos. 147 and 148), PIV- 
3 (SEQ. ID. Nos. 151 and 152), and adenovirus (SEQ. ID. Nos. 153), have been 
described previously by others (Fouohier et al., 2000, J. Clin. Microbiol. 38:4096- 
4101 for influenza A virus / SEQ. ID. Nos.139 and 340; li et al., 2001, J. Clin. 
25 Microbiol. 39:696-704 for influenza B virus / SEQ. ID. Nos. 141 and 142; Mazulli et 
al., 1999. J. Meet. Dis. 180:1686-1689 for hRSV / SEQ. ID. Nos. 143 and 144; 
Osiowy et bL. 1998, J. Clin. Microbiol.. 36: 3149-3154 for H\M, PIV-3, and 
adenovirus / SEQ. ID. Nos. 145 and 146, 149 and 150, and 154 and 155, respectively; 
Atmar et al., 1993, J. Clin. Microbiol. 31: 2544-2546 for rhinovirus and enterovirus / 

3 0 SEQ. ID. Nos. 160 and 161) and that one influenza A primer (SEQ. ID. No. 139) is 



WO 2004/057021 



PCT/CA2003/001994 



25 

almost identical to the one described in anotheT patent (U.S. patent number 
6,015,664), the object of the present invention is to combine many sets of primers 
and/or probes in the same physical enclosure (multiplex format). 

5 Briefly, viral RNA was extracted from 200 ul of nasopharyngeal aspirates or other 
respiratory tract samples using the QIAamp Viral RNA Mini kit (QIAGEN, 
Mississauga, ON, Canada). Complementary DNA (cDNA) was then synthesized 
using 10 Ml of the RNA preparation, 0.75 uM of random hexamer primers (Amersham 
Pharmacia Biotech, Baie d'Urfe, QC, Canada), 300 copies of an interna! control 

1 0 template, and the Omni script Reverse Transcriptase Kit (QIAGEN, Mississauga, ON, 
Canada) following the manufacturer's instructions, The internal control template 
consisted of a 554 or 558 bp (depending on the multiplex assay) transcribed region of 
an herpes simplex virus type 2 DNA polymerase region flanked by either influenza B 
or rhinovi.rus/enterovirus complementary primer sequences (depending on the 

15 multiplex assay) cloned in the pDrive plasraid (QIAGEN). 

For DNA amplification by the widely used PCR-method, primer pairs were mostly 
derived from public database sequences (Table 10). During DNA amplification by 
PCR, two oligonucleotide primers binding respectively to each strand of the heat- 
20 denatured target DNA from the viral genome are used to amplify exponentially in 
vitro the target DNA by successive thermal cycles allowing denaturation of the DNA, 
annealing of the primers and synthesis of new targets at each cycle (Persing, 1993, 
Diagnosis Molecular Microbiology: Principles and Applications, American Society 
for Microbiology, Washington, D.C., 88-109). 

25 

In a preferred embodiment, cDNA was amplified using a real-time PCR procedure 
with the LC Faststart DNA Master SYBR Green 1 Kit (Roche Diagnostics, Laval, 
QC, Canada) or the SVBR Green TAQ ReadyMix for quantitative 'PCR capillary 
formulation (Sigma-Aldrich, OakviUe, ON) in a LightCycler instrument (Roche 
3 0 Diagnostics). Each reaction had a total volume of 20 ul including 2 ul of cDNA and 
18 ul of a reaction mixture containing 4 mM MgCl 2 > 2 ul of LC Faststart DNA SYBR 
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Green 1 Master Mix or the SYBR Green TAQ ReadyMix for quantitative PCR 
capillary formulation, 3% DMSO, and 0.3-1.0 uM of each viral primer (see Tables 
10, 12, and 13 for primer sequence ID NOs., length of amplicons, and specific 
combination of primers, respectively). Cycling conditions typically included an initial 
5 denamration step of 10 min at 94*C, followed by 50 cycles of 15 s at 94°C, 5 s at 
58°C, and 25 s at 72 Q C However, the .cycling conditions could vary slightly 
according to the multiplex PCR assay. 

In a preferred embodiment, two real-time multiplex PCR assays were used to amplify 
1 0 and detect the panel of common respiratory viruses (Table 13). The respiratory-1 
multiplex assay combines 4 sets of primers for amplification of influenza A and B 
viruses, hRSV, hMPV, and an internal control template. The respiratory-2 multiplex 
assay comprises 4 other sets of primers for amplification of PIV-1, PIV-3, 
adenoviruses, rhhioviruses/enteroviruscs, and an internal control template. The use of 
15 any other combinations of the same or similar primer sequences in two or more than 
two multiplex assays for detection of common respiratory viral pathogens is also 
under the scope of this invention. 

The person skilled in the art of nucleic acid amplification knows the existence of other 
20 rapid amplification procedures such as ligase chain reaction (LCR), reverse 
transcriptase PCR (RT-PCR), solid phase PCR, transcription-mediated amplification 
(TMA), self-SUStained sequence replication (3SR), nucleic acid sequence-based 
amplification (NASBA), strand displacement amplification (SDA), branched DNA 
(bDNA), cycling probe technology (CPT), solid phase amplification (SPA), rolling 
25 circle amplification technology (RCA), solid phase RCA, anchored SDA, and 
nuclease dependent signal amplification (NDSA) (Persing, 1993, Diagnosis Molecular 
Microbiology: Principles and Applications, American Society for Microbiology, 
Washington, D.C., S8-109; Lee, 1997, Nucleic Acid Amplification Technologies: 
Application to Disease Diagnosis, Eaton Publishing, Boston, MA., 61-125; Westin et 
30 aL, 2000, Nat. Biotechnol.18: 199-204). The scope of this invention is not limited to 
the use of amplification by PCR, but rather includes the use of any nucleic acid 
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amplification method or any other procedure which may be used to increase the 
sensitivity and/or the rapidity of nucleic acid-based diagnostic tests. The scope of the 
present invention also covers the use of any nucleic acids amplification and detection 
technology including real-time or post-amplification detection technologies, any 
5 amplification' technology combined with detection, any hybridization nucleic acid 
chips or array technologies, any amplification chips or combination of amplification' 
and hybridization chip technologies. Detection and identification by any nucleotide 
sequencing method is also under the scope of the present invention. 



10 Detection of amplification products 

Classically, the detection of PCR amplification products is performed by standard 
ethidkm bromide-stained agarose gel electrophoresis. Using this approach, the 
amplicons may be discriminated based on their size. In the present invention, the 

.15 length of the different amplicons varies from 84 to 929 bp (Tabic 12). It is however 
clear that other detection methods of amplified products may be faster, more sensitive, 
and more practical Amplicon detection may also be performed by solid support or 
liquid hybridization using stram-^ecific, internal DNA probes hybridising to an" 
amplification product. Such probes may be generated from sequences designed to 

2 0 specifically hybridize to DNA amplification products which are objects of the present 
invention. Amplicons can be also characterized by DNA sequencing. Alternatively, a 
rapid detection method developed with real-time PCR assays consist of determining 
the specific melting temperature of amplicons at the end of the amplification reaction. 

25 The detection of viral amplicons was first characterized using the melting curve 
analysis feature of a real-time PCR instrument Using this procedure, the different 
viral targets amplified in each of the multiplex PCR assays could by differentiated by 
their specific melting temperature (Table 13 and Fig. 7 and S). Alternatively, specific 
fluorescent probes (Table 11) for each viral target can be used for real-time detection 

30 and quantification of amplicons in a single amplification/detection assay. Real-time 
quantification of viral products can be performed through a variety of fluorescence- 
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based technologies such as adjacent probes, Taqman probes, and molecular beacons. 
Alternatively, these probes may be used in a separate post-amplification step. 

The diagnostic kits, primers and probes mentioned above can be used to detect and/or 
5 identify respiratory viruses, whether said diagnostic kits, primers and/or probes are 
used for in vitro or in situ applications. The said samples may include but are not 
limited to: any clinical sample, any environmental sample, any viral culture, any 
. tissue, and any cell line. 

10 It is also an object of the present invention that said diagnostic kits, primers and/or 
probes can be used alone ot in combination with any other assay suitable to detect 
and/or identity and /or quantify microorganisms, including but not limited to: any 
assay based on nucleic acids detection, any immunoassay, any enzymatic assay, any 
biochemical assay, any serological assay, any culture on specific cell lines, and any 

1 5 infectivity assay on animals. 

In the methods and kits described herein, the oligonucleotide probes and amplification 
primers have been derived from larger sequences (i.e. DNA fragments of at least 100 
base pairs). It is clear to the individual skilled in the art that oligonucleotide sequences 
. 20 other than those described in the present invention and which are appropriate for 
detection and/or identification of any respiratory viruses may also be derived from 
those selected in the present invention. For example, the oligonucleotide primers or 
probes may be shorter but of a length of at least 10 nucleotides or longer than the ones 
chosen; they may also be variants of the same oligonucleotide. If the target DNA or a 

2 5 variant thereof hybridizes to a given oligonucleotide, or if the target DNA or a variant 

thereof can be amplified by a given oligonucleotide PCR primer pair, the -converse is 
also true; a given target DNA may hybridize to a variant oligonucleotide probe or be 
amplified by variant oligonucleotide PCR primers. Alternatively, the oligonucleotides 
may be designed for use in amplification methods other than PCR- Consequently, one 

3 0 aspect of the present invention is the simultaneous detection and/or identification of 

various respiratory viruses by targeting nucleic acid sequences which are used as a 
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source of specific and ubiquitous oligonucleotide probes and/or amplification primers. 
Although the selection and evaluation of oligonucleotides suitable for diagnostic 
purposes require much effort, it is quite possible for the individual skilled in the art to 
derive, from the selected oligonucleotides (listed in . Tables 10 and 11), other 
5 oligonucleotides which are suitable for diagnostic purposes. 

Thus, lihe specific primers and/or probes selected for amplification and detection of 
respiratory viruses and their specific combination in multiplex assays are objects of 
this invention (Tables 10-13). 

10 

EXAMPLES: 

Example 1: Evaluation of different primers for hMPV detection 

15 

An evaluation of the sensitivity of different hMPV primer sets in a real-time PCR 
assay was performed using 20 positive hMPV cultures grown in LLC-MK2 cells and 
10 naso-pharyngeal aspirate specimens. These samples were collected in the Quebec 
City area (QC, Canada) over a period of 3 years (2000-2002). Viral RNA was 

20 prealably extracted from 200 ul of viral culture supematants or naso-pharyngeal 
aspirates using the QIAamp Viral RNA Mini Kit (QIAGEN), Complementary DNA 
was synthesized using 10 ui of eluted RNA, 0.75 jjM of a specific hMPV primer 
(Table 2, sequences ID Nos. 91, 97, 100, 102, 112), and the Omniscript Reverse 
Transcriptase Kit (QIAGEN, Tvlississauga, ON, Canada) following the manufacturer's 

25 recommendations. Complementary DNA was amplified using a real-time PCR 
procedure with the LC Fastslart DNA Master SYBR Green 1 Kit (Roche Diagnostics, 
Laval, QC ? Canada) in a lightCycler instrument (Roche Diagnostics). Each reaction 
had a total volume of 20 |il including 2 ul of RT mixture and 18 of a reaction 
mixture containing 4 mM MgCi 2 , 2 fil of Faststart DNA SYBR Green Master tytix, 

3 0 3% DMSO, and 0.5 uM of each hMPV primer (Table 4: sequence ID Nos.: 92 and 94; 
100 and 101; 97 and 98; 102 and 103; and 112 and 113, for the nucleoprotein (N), 
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matrix (M), fusion (F) s phosphoprotein (P), and polymerase (L) genes respectively). 
Cycling conditions typically included an initial denaturation step of 10 min, at 94°C, 
followed by 50 cycles of 15 s at 94°C, 5 s at 54°C, and 30 s at 72°C. However, the 
cycling conditions could slightly vary according to the hMPV gene to amplify. 
5 Detection of hMPV amplicons was characterized using the melting curve analysis 
feature of a real-time PGR instrument. Briefly, following the last amplification cycle 
on a LightCycler instrument, the internal temperature was rapidly increased to 94°C 
then decreased to 60°C for 30 seconds, followed by slowly increasing to 94 P C at a 
rate of 0.1 °C per second, with continuous fluorescence lecture. 

10 

Using this procedure, the specific melting temperature obtained with the . hMPV 
amplicons produced by the primers specific for target genes coding for N, M, F, P and 
L proteins was found to be S2.63°C ± 0.87°C, 82.75 9 C t 0.80 6 C, 83.29°C ± 0.45°C, 
80.4S°C ± 0.46°C, and 77.99 ± 0.33 9 C, respectively. As shown in Table 5, a real-time 
15 PCR assay using primers complementary to the N gene successfully amplified RNA 
from all 20 cultures and 10 olinical specimens. In contrast, hMPV primers specific for 
the M, F, P, and L genes had sensitivities of only 70%, 63.3%, 50%, and 89.7% 
respectively. Thus, primers aimed at amplifying the hMPV N gene appear to target 
more conserved regions of the hMPV genome and, consequently, were selected for 

2 0 further detail ed evaluation (see example 2). 

Example 2: Validation of a real-time PCR assay for the hMPV nucleoprotein (N) 
gene in a pediatric population 

25 An hMPV N plasmid was constructed by subclontng the amplified hMPV M region in 
the plasmid pDrive (QIAGEN, Mississauga, ON, Canada). The new plasmid was 
transcribed using the RNA Transcription Kit (Stratagene, Vancouver, BC, Canada) 
for sensitivity analysis. Using the previously described RT procedure (N primer, 
sequence ID No. 91) and real-time PCR protocol (N primers, sequence ID Nos. 92 

3 0 and 94) reported in example 1, the sensitivity of the assay was estimated at 100 copies 

per reaction with a specific melting temperature of 82 °C. The assay was found to be 
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specific with no amplification signal observed when viral cultures positive for the 
human respiratory syncytial virus, the parainfluenza viruses, the influenza viruses A 
and B, and the adenoviruses were tested. The real-time PCR assay for the hMPV N 
gene was subsequently validated in a prospective case-control study in children below 
5 the age of 3 years hospitalized at Laval University Hospital Center (CHUQ-CHUL) in 
Quebec City, Canada, during the winter season of 2001-02, Cases consisted of 
children hospitalized for a respiratory syndrome whereas controls consisted of 
children hospitalized during the same period for a surgery with no respiratory 
symptoms. At admission, a nasopharyngeal aspirate was collected for viral antigen 
10 tests, viral cultures, and RT-PCR studies for influenza A and B viruses, the human 
respiratory syncytial virus (hRSV), and the hMPV N gene. 

No vims was detected in any of the samples from the 5 1 control children. Among the 
208 cases tested by real-time PCR for hMPV, hRSV, influenza A and B viruses, the 

15 posiUvity rates were 5.8%, 51.0%, 21.6%, and 0%, respectively. Viral culture was 
positive for hMPV in only 2 cases whereas the real-time hMPV PCR assay for the N 
gene was positive for 12 cases including the 2 positive by viral culture. AH positive 
hMPV PCR results for the N gene were confirmed by a second PCR assay targeting 
the hMPV fusion (F) gene and by the use of DNA sequencing which indicated the 

20 presence of multiple hMPV strains clustering in the two previously-reported F 
genotypes. Thus, the real-time PCR assay describes in this invention appears to be 
much more . sensitive than conventional viral culture for the detection of hMPV in 
clinical samples. 
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Example 3: Typing of hMPV clinical strains using restriction enzyme analysis 

We designed a rapid molecular typing method for hMPV epidemiological studies 
based on amplification of a portion of the fusion (F) gene which is then digested with 
specific restriction enzymes. Briefly, a 759-bp fragment of the hMPV F gene was 
5 amplified by a real-time PGR procedure as described in example 1 using specific 
primers (sequence ID Nos. 97 and 98), After PCR amplification, two aliquots (10 uL) 
. of the PCR product were digested during 2 hours at 37°C with 1 0 units of ApaL I and 
4 units of Avr II (New England Biolabs, Mississauga, ON, Canada) according to the 
manufacturer's recommendations. Digested products were then loaded on an 1% 

1 o agarose gel for electrophoresis. 

Table 6 summarizes the size of the F fragments obtained for different hMPV isolates 
following enzymatic digestion and the corresponding genotype as defined by DNA 
sequencing and phylogenetic studies. In brief, all hMPV isolates belonging to the 
1 5 genotype F-I were digested by ApaL I (fragments of 532 and 227 bp) but not by Avr 
II whereas those belonging to the genotype F-II were digested by Avr XI (fragments of 
447 and 312 bp) but not by ApaL I (see Figure 2 for an example of the band pattern 
following electrophoresis on an agarose gel). 

2 0 Example 4 : A prospective case-control study for defining the role of respiratory 

viruses in children hospitalized for acute respiratory tract infections 

Summary 

The human metapneumovirus (hMPV) is a new paramyxovirus recently isolated from 
25 young children with respiratory syndromes. The objectives of this study were to 
estimate the relative contribution of hMPV in children's hospitalization for acute 
respiratory tract infections (ARTI) and to define its clinical presentation and seasonal 
pattern. 
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We evaluated the percentage of hospitalizations for ARTI in children aged 0-3 years 
attribuate to hMPV and other respiratory viruses in a prospective case-control study 
during the winter/spring seasons of 2002. We used multiplex real-time PCR assays 
and other conventional diagnostic methods to detect hMPV, the human respiratory 
5 syncytial virus (hRSV), and the influenza viruses in nasopharyngeal aspirates of 
children. 

HMPV was detected in 12 (5.8°/o) of the 208 children hospitalized for ART! as 
compared to 1 18 (56.7%) for hRSV and 49 (23.6%) for influenza A. In contrast, none 

10 of the 51 controls harbored any of the respiratory viruses. Most hRSV and influenza 
infections occurred in January and February whereas the peak hMPV activity was in 
March and April. The peak age for hospitalizations for hRSV and hMPV infections 
was < 3 months and 3-5 months, respectively. Diagnoses of bronchiolitis and 
pneumonitis were made in respectively 67% and 17% of hMPV-infected children 

IS compared to 84% and 25% for those with hRSV infection. None of the hMPV- 
infecred children was admitted to the intensive care unit compared to 15% for those 
uTth hRSV or influenza A infections. 

HMPV causes significant morbidity in young children and its clinical presentation is 

2 0 similar although less severe than that of hRSV. 

Introduction 

The human metapneumovirus (hMPV) is the first human member of the new 
Mctapneurnovirus genus within the Paramyxoviridae. family (van denHoogen BG, de 
25 Jong JC, Gxoen J, et aL. Nat Med 2001;7:7) 9-24; van den Hoogen BG et al. Virology 
2002;295:119-32.) The hunian respiratory syncytial virus (hRSV) belongs to a 
separate genus within the same family (Taxonomy V. Seventh Report of the 
International Cormnittee on Taxonomy of Viruses. Academic, San Diego., 2000.). 

3 0 HMPV has been recently identified in nasopharyngeal aspi rates of children and adults 

suffering from a range of respiratory tract infections in various parts of the world (van 
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den Hoogen BG, de Jong JC, Groen J, et aL Nat Med 2001;7:719-24; Nissen MD, et 
al. Med J 'Aust 2002;176:1S8; Peiet TC, Boivin G, Li Y, et al. J Infect Dis 
2002; 155:1660-3; Stockton J, et al. Emerg Infect Dis 2002;8:897-901). The clinical 
syndrome of the infected children encompasses mild respiratory problems to 
5 bronchiolitis and pneinnonitis (van den Hoogen BG, de Jong JC, Groen J, et al. Nat 
Med 2001;7:719-24; Pelletier G, et al. Emerg Infect Dis 2002;8:976-8; Boivin G 5 
Abed Y, Pelletier G, et al. J Infect Dis 2002; 186:1330-4). 

Using reverse-transcription polymerase chain reaction (RT-PCR), the rate of hMPV 
10 detection in nasopharyngeal aspirates (NPA) of pediatric patients with unexplained 
, ARTI varied between 1.5 and 10% (van den Hoogen BG, de Jong JC, Groen J, et al. 
Nat Med. 2001;7:719-24; Nissen MD, et al. Med J Aust 2002;176:18S). These 
retrospective studies are small, excluded patients who tested positive for other viruses, 
only superficially describe the clinical features of the disease and lack 
L5 morbidity/mortality data. In absence of a control group, these studies cannot 
differentiate if hMPV is a colonizing or a pathogenic virus. More recently, Stockton et 
al. identified hMPV RNA in 2.2% of 405 specimens from patients with influenza-like 
illnesses who consulted general practitioners in England although few swabs were 
collected from children < 5 years (Stockton J, et al. Emerg Infect Dis 2002;8:897- 
20 901). 

The objectives of this study were to estimate the relative contribution of hMPV in 
children's hospitalization for acute respiratory tract infections (ARTI) and to define 
its clinical presentation and seasonal pattern. 

25 
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Materials and Methods 

Study design. Participants were children aged < 3 years hospitalized between 
December 15, 2001 and April 20, 2002 at Laval University Hospital Center (CHUQ- 
CHUL) in Quebec City, Canada. Cases were admitted for an ART] (bronchiolitis, 
5 pneumonitis, laryngonacheobronchitis, etc...) whereas controls were hospitalized for 
an elective surgery and had no respiratory symptoms or fever. Children hospitalized 
twice were counted as two cases. At admission, after signed consent was obtained 
from their parents, all children had an NPA (1-2 ml) collected and tested for hRSV 
antigen (TestPack, Abbott Laboratories, Abbott Park, IL). The specimen was frozen at 

10 -S0°C until subsequent RT-PCR studies. Additionally, viral cultures, direct 
immunofluorescence staining, and microbiological testing were performed according 
to the treating physician. A standardized questionnaire was completed at admission by 
" a single research nurse with the parents. At the end of the hospitalization, the 
children's charts were reviewed to collect clinical and laboratory data. The study was 

15 approved by the CHUQ-CHUL research ethics board. 

RNA extraction and cDNA synthesis. Viral RNA was extracted from 200 ul of 
NPA specimens using the QIAamp viral RNA Mini Kit (QIAGEN, Mississauga, ON, 
Canada). Complementary cDNA was synthesized using 10 uJ of eluted RNA and the 

20 Omniscript Reverse Transcriptase, kit (QIAGEN). Random hexamer primers 
(Amersham Pharmacia Biotech, Baie d'Urfe, QC, Canada) were used in the RT step 
of the multiplex respiratory PCR assay whereas a specific primer (5- 
TGGGACAAGTGAAAATGTC - 3') serves to synthesize hMFV cDNA in a separate 
PCR assay. An internal control (300 copies) consisting of a 534-bp transcribed region 

25 of the pDrive plasmid (QIAGEN) flanked by influenza B complementary primer 
sequences (see below) was spiked in the RT reaction of the multiplex respiratory PCR 
assay to verify the presence of PCR inhibitors. 

RT-PCR assays and phylogenetic studies. The multiplex respiratory PCR assay 
30 was designed to amplify conserved regions of the influenza A (SEQ. ID Nos.139-140) 
(Fouchier RA, et al. J Clin Microbiol 2000;38:4096-101) and B (SEQ. ID Nos. 141- 
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142) (Li J, Chen S, Evans DH, J Clin Microbiol 2001;39:696-704) matrix genes as 
well as the fusion gene of hRSV (SEQ. ID Nos. 143-144) (Mazzulli T, Peret TC, 
McGeer A, et al. J Infect Dis 1999] 180: 1686-9). 

5 Complementary DNA was . amplified using a real-time PCR procedure with the LC 
Faststart DNA Master SYBR Green 1 Kit (Roche Diagnostics, Laval, Quebec, 
Canada) in a LightCycler instrument (Roche Diagnostics). Each reaction had a total 
volume of 20 ul including 2 ui of cDNA and 18 ul of a reaction mixture containing 
2,4 mM MgCl 2> 2 ul of Faststart DNA SYBR Green Master Mix, 3% DMSO, 0.3 mM 

10 each of influenza A and B primers, and 0.8 mM of hRSV primers. The thermal 
cycling incubations consisted of an initial denaluration step at 94°C for 10 min, 
followed by 50 cycles of 15 s at 94°, 5 s at 5S°C, and 25 s at 72°C. At the end of each 
cycle, the fluorescent signal was measured at a wavelength of 530 nM using the 
Li£h;Cy:lcT Fluorimeter. The melting curve analysis program of the LightCycler was 

15 used to identify specific PCR products of influenza A (Tm: 85°C), influenza B (Tm: 
S3 C C). hRSV (Tm: 79*0), and the internal control (Tm: 92°C). The sensitivity of the 
multiplex respiratory PCR assay was estimated at 50 copies for each viral target when 
mixed with 300 copies of the internal control. 

.20 A specific PCR assay was designed for amplification, of the hMPV Nucleoprotein (N) 
gene in the LightCycler instrument. The sequences of the forward (MPV-NCS) and 
reverse (MPV-NCA) primers were respectively 5-GAGTCTCAGTACACAATTAA- 
3' (SEQ ID NO 92) and 5'-GCATTCCCGAGAACAACAC-3' (SEQ ID NO 94). The 
specific cDNA was amplified using conditions similar to those of the multiplex 

25 respiratory PCR assay except that 0.5 mM of each primer was added to the master 
mix. Cycling conditions included an initial denatuxation step of 1 0 mm at 94°C, 
followed by 50 cycles of 15 s at 94°C, 5 s at 54°C 4 and 30 s at 72°C. The melting 
temperature of the amplified hMPV N fragment was 82 D C and the sensitivity of the 
PCR assay was 100 copies. For phylogenetic studies, nucleotide sequences were 

3 0 detennined from amplified hMPV F (fusion) gene products then analyzed using the 
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neighbor joining algorithm andXimura-2 parameters. (Boivin G, Abed Y, Pelletier G, 
etJJ. J Infect Dis 2002;186:1330-4). 

hMPV in the general population. To further assess the seasonal distribution, 
5 affected age groups and frequency of hMPV, we compared data from the study to 
those of the general population derived from the viral cultures found positive for 
hMPV in our regional virology diagnostic laboratory, the only one performing viral 
cultures for the Quebec City area (population approximately 600 000). Respiratory 
specimens were inoculated in 96-well plates containing ten cell lines (MDCK, LLC- 
10 MK2, Hep-2, human foreskin- fibroblast, Vero, mink lung, A-549, 
rhabdomyosarcoma, 293, and HT-29) then incubated for a period of 21 days. A 
positive cytopathic effect was confirmed by immunofluorescence testing using 
monoclonal antibodies or by RT-PCR (hMPV). 

"\5 Statistical analyses. Proportions were compared by the % 2 test 

Results 

The study population included a total of 208 hospitalized cases with ART! (including 
8 children who were admitted twice) and 51 children who served as controls. 

Description of the study population and viral etiologies. The age distribution of 
children with ARU is presented in Fig. 3: 56% (1 16) were male and 44% (92) were 
female. Hospitalization was the highest in infants < 3 months of age and steadily 
decreased thereafter. Most (90%) children had no underlying medical conditions at 
admission. 

All 20S cases had an NFA. The mean delay between the onset of symptoms and 
collection of NPA was 6 days (median 4 days). This delay did not differ for the 
different viruses detected. All 208 cases were tested by PCR, 204 had an.hRSV 
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antigen detection test, 100 had a direct examination procedure for other viruses, and 
100 had a viral culture. At least one respiratory virus was detected in 164 (79%) cases 
whereas none was detected in 44. Twelve children (5.8%) were positive for hMPV, 
118 (56.7%) for hRSV, 49 (23.6%) for influenza A, and none for influenza B (Table 
5 7). There was no PGR testing for adenoviruses and PIV type 2 hut these two viruses ■ 
were found in 6% and 2%, respectively, of the 100 viral cultures or antigenic assays. 
Single virus infections occurred in 141 (86%) of the 164 positive cases and mixed 
infection was present in 23 (14%). Two of the 12 hMPV infections were mixed 
(hMPV-influenza and hMPV-hRSV). The other combinations were liRSV-influen2sa 
10 A (18 cases), hRSV-adenovirus (2), and influenza A-adcnovirus (1). 

Among the 208 cases tested by PCR for hMPV, hRSV, influenza A and B viruses, the 
positivity rates were 5*8%, 51.0%, 21 .6%, and 0%, respectively (Table 7). In addition, 
16 other cases had one of the four latter respiratory viruses identified only by culture 
15 (3 influenza A and one hRSV), only by an antigen detection test (10 hRSV and one 
influenza A) or by both culture and antigen detection test (1 hRSV). Among the 8 
children hospitalized twice, none had the same viral infection at both admissions. The 
combinations observed were hMPV - hRSV (2), hMPV - no virus (1), hRSV - no 
virus (2), hRSV - influenza (2), no virus - no virus (I). 

20 

The biweekly distribution of cases with respiratory tract viruses is shown in Fig. 4. 
hRSV and influenza A infections occurred predominantly between January and 
March, whereas hMPV infections occurred mostly in March and April The 
proportion of children with virologically-confiimed respiratory tract infection 

2 5 decreased after February. 

Clinical features of cases. The distribution of the age distribution by different viral 
infections is shown in Fig. 3 . While the peak age for hMPV infection was 3-5 months, 
it was before 3 months for hRSV infection. For influenza A, it spread evenly during 

3 0 the first year of life. The peak age for mixed infection was 6-11 months and decreased 

thereafter. Gender was distributed evenly with each virus group but more males 
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(70%) had mixed viral infections. The majority (75% with hMPV, 93% with hRSV, 
90% with influenza A virus infection) of the children in different etiological groups 
had no medical underlying conditions. Three (25%) children with hMPV infection 
had a cardiac disorder, one having concomitant cardiac, pulmonary, and neurological 
5 problems. 

Signs and symptoms recorded with the different respiratory viruses were generally 
similar except for the vomiting which occurs more frequently with hMPV infections 
(p = 0.05) (Table 8). The mean and median duration of hospitalization was similar for 

10 hMPV s hRSV and influenza A viruses being respectively 5.5 and 4.5, 5.8 and 5.0, and 
4.9 and 4.0 days. Of note, one third of hMPV-infected children were hospitalized 
more than 7 days. None of the children with hMPV infection was admitted to the 
intensive care unit QCU) contrasting with 15% and 16% of children with hRSV and 
influenza A, respectively. There was no death as part of this study. The duration of the 

15 hospitalization in children with no detectable virus was shorter than that in children 
with single or mixed infection (Kruskal-Wallis Test, p < .0001). Two-thirds of the 
children were given antibiotics during their hospitalization, independently of the 
etiology of their respiratory disease. 

2 0 At hospital discharge, a fmal diagnosis of bronchiolitis was given to 67% of children 
with hMPV, 84% with hRSV, and 51% with influenza A (p <0.001) (Table 9). Otitis 
occurred in about half of children with hMPV, hRSV, and influenza A infections. 
Pneumonitis was less frequently diagnosed in children with hMPV compared to those 
with hRSV or influenza A (17%, 25%, and 37%, p=0-22). Final diagnoses were 

2 5 similar with single and mixed infections. 

Control*. There were 51 children in the control group, 29 (56.9%) males and 22 
(43.1%) females. The age distribution of the controls was similar to that of the cases 
(Fig. 3) as was the period of hospital admission (Fig. 4). None of the controls had a 

3 0 virus detected by PGR. 
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hMPV in the general population. The regional virology laboratory received 1505 
respiratory specimens for viral culture between January 1 and June 30, 2002. In total, 
36 (including two study participants) or 2.9% were positive for hMPV; 24 (66.6%) 
in children < 2 years of age, 5 in those 2 to 4 years, 4 in adults 30-49 years, and 3 in 
5 those 70 years. or older. Most cases (81%) were isolated over a two-month period 
(from March 23 to May 18 ) (Fig. 5). When comparing the seasonal distribution of 
hMPV in hospitalized children (study population) and in the general population, it 
appears that the study in hospitalized children did not cover the entire hMPV season 
as it was stopped just after the peak time of hMPV transmission (April 6-20). 

10 

Phylogenetic analyses of hMPV strains. The 12 hMPV strains isolated in the 
prospective study clearly clustered into two F lineages with nine strains belonging to 
group 1 and three to group 2 (Fig. 6). Seven of the 9 group 1 strains had identical F 
gene sequences. At the nucleotide level, there was 84-85% similarity between groups 

15 versus 98-100% (group 1) and 93-99% (group 2) similarity within groups. There were 
fewer differences at the amino acid level i.e. 94-96% similarity between groups versus 
99-100% (group 1) and 98-99% (group 2) among strains within the same group. 
Although there was a trend for more recent strains to cluster in group 2, the 
correlation between genotypes and date of hospitalization was not perfect as two 

20 strains detected on the same day (No. 216 and 217) belonged to two different F 
lineages. 

Discussion 

Our prospective study has revealed important clinical and epidemiological features 
" 25 related to hMPV. First, our data indicate that hMPV is really a respiratory pathogen. 
Second, we found that it contributes to ARTI leading to children's hospitalization in 
proportion sirnilar to adenoviruses or PIV but significantly less than hRSV and 
influenza viruses. Third, the symptoms and complications associated with hMPV 
were indistinguishable from those caused by hRSV. Finally, our results suggest that 
3 0 the epidemiology of hMPV infection in children may differ from that of hRSV and 
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influenza viruses both in terms of the age of first acquisition and in the timing of the 
seasonal epidemics. 



Recent studies by our group (Pelletier G, et al. Emerg Infect Dis 2002;8:976-8; Boivin 
5 G, Abed Y, Pelletier G, et al. J Infect Dis 2002;186:1330-4) and others (van den 
Hoogen BG, de Jong JC 9 Groen J, et al Nat Med 2001;7:719-24.; Nissen MD et al. 
Med J Aust 2002;176:188; Stockton J, et al. Emcrg Infect Dis 2002;8:897-901) had 
suggested that hMPV should be added to the list of human respiratory viral pathogens 
Powell SF, Anderson LJ S Gary HE, Jr., et al. J Infect Dis 1996;174:456-62; Treanor 
10 JJ. Respiratory Infections. In: Richman DD, Whitley, RJ., Hayden, F.G,, ed. Clinical 
Virology. Vol. 1. Washington: ASM Press, 2002:7-26). 

The absence of hMPV in respiratory tract of our 51 control children, the absence of 
other respiratory viruses in 83% of the 12 hMPV-infected children and the severity of 

15 their symptoms (bronchiolitis and/or pneumonitis) provide further evidence that 
hMPV is really a pathogenic respiratory virus. The absence of underlying medical 
conditions in 75% of the hMPV-infected children further demonstrates its 
pathogenicity. The use of PCR assays was particularly advantageous' for hMPV 
because its growth in culture is fastidious and limited to a few pennissive cell lines 

2 0 (Boivin G, Abed Y, Pelletier G, ct al. J Infect Dis 2002;186:1330-4) and because 
rapid antigenic detection tests are currently unavailable. 

Our study provides for the first an estimate of the proportion of ARTI hospitalizations 
attributable to hMPV in a pediatric population. During the period ranging from 

2 5 December 15 to April 20 2002, hMPV accounted for 5,S% of all hospitalizations for 

respiratory tract infeotions in children aged 0-3 years. This underesthnates the real 
proportion as our hospitalization study stopped before the end of the hMPV season 
prevailing in the community (Fig. 5). Although we did not perform PGR testing for 
adenoviruses and PIV, the percentage of hospitalizations caused by hMPV seems 

3 0 similar to that attributable to these two viruses and much smaller than that of hRSV or 

influenza A. 
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One of the most important conclusion of our study is that hMPV disease cannot be 
distinguished on clinical findings from that caused by hRSY and influenza A (Tables 
S and 9) but tended to be somewhat less severe with fewer pneumonia and no 
5 admission in the ICU. Nevertheless, hMPV infection was associated with a significant 
clinical and economical burden as shown by a mean hospital stay of 5.5 days and one- 
third of hMPV-infected cases being hospitalized for > 7 days. 

A small serological study from the Netherlands showed that all children over the age 

10 of 5 years had hMPV antibodies suggesting a high level of transmission J Data from 

our study suggest that morbidity caused by hMPV is greatest in children < 2 years of 

age as they represented 83% (10/12) of our hospitalized cases and two^thirds of the 

hMPV isolates recovered in our diagnostic virology laboratory. This suggests that 

similar to other paramyxoviruses such as hRSV, the morbidity of hMPV in children 

15 occurs through primo-infection. In contrast to hRSV which peaked during the first 

three months of life, hMPV infections peaked at a sldgjrtry older age i.e. between the 

third and fifth month of life. Whether this difference, depends on a longer persistence 

i 

of maternal antibodies or a less efficient transmission mode in the case of hMPV 
would require additional studies. 

20 

During the 4-week period firom mid-March to mid-April, hMPV infections clustered 
(1 1/12 detected) and accounted for 18.9% of all hospitalizations for ART! in children. 
This contrasts with hRSV and influenza A which occurred mostly in January and 
February (Figure 4). Based on passive surveillance <3ata from our regional virology 
25 laboratory, the peak time of hMPV transmission in the community occurred between 
April 6-20, 2002, and^continued beyond the end of our study in hospitalized children 
(Fig. 5). Year-long active surveillance studies will be required to better assess the 
seasonal patterns of hl^PV transmission. 

3 0 As described for hRjsv (Mazzulli T, Peret TC, McGeer A, et al J Infect 'Dis 
1999;180:1686-9), several strains of hMPV circulated during a very short period of 
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time (one month) in our study area. The hMPV Strains segregated into two F 
subgroups in agreement with previous studies although one strain clearly 
predominated accounting for 533% of all isolates (van den'Hoogen BG, de Jong JC, 
Groen J, et al. Nat Med 2001;7:719-24; Peret TC, Boivin G, Li Y, et al. J Infect Dis 
5 2002;185:1660-3; Boivin G, Abed Y, Pelletier G, et al. J Infect Dis 2002;186:1330-4). 

Due to the small number of hMPV strains belonging to one of the F subgroup, we did 
not attempt to correlate hMPV genotype with clinical outcome. Snch viral 
heterogeneity may allow multiple reinfections throughout life especially in elderly 
10 subjects and immunocompromised patients (Pelletier G, Dery P. Abed Y, Boivin G 
Emerg Infect Dis 2002;8:976-8). 

In conclusion, our study supports the concept of the epidemic nature of hMPV 
infection and establishes its role as a significant pathogen in severe AMI of children. 

15 

Example 5: Determination of the hMPV Load in Clinical Samples Using 
Quantitative Real-time PCR 

An evaluation of a quantitative real-time PCR hMPV assay using a TaqMan probe 
was performed using naso-pharyngeal aspirate specimens collected from children and 
adults in Quebec City during the winter seasons of 2001-02 and 2002-03. Viral KNA 
was first extracted from 200 ul of naso-pharyngeal aspirates using the QIAamp Viral 
RNA Mini Kit (QIAGEN) and eluted in a volume of 40 ul. Serial concentrations 
(5X1 0 1 to 1X10 9 copies) of a transcribed hMPV plasmid were used to construct the 
standard curve of the assay. Complementary DNA was synthesized using 10 ul of 
eluted RNA from clinical samples or hMPV plasmid dilutions, 50 ng (0.75 uM) of 
random hexamer primers (Amersham Pharmacia Biotech), 0.5 mM of dNTPs, IX 
Omniscript buffer and 4 units of the Omniscript reverse transcriptase (QlAGEN) in a 
final volume of 20 ul. The Teverse transcription (RT) mixture was incubated during 
1.5 hr.at 37°C and inactivated at 70 6 C during 10 min. Complementary DNA was 
amplified by real-time PCR with a TaqMan probe for the hMPV L gene and ihe LC 
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Master Hybridization Probe Mix (Roche Diagnostics) in a LightCycler instrument 
(Roche Diagnostics). Each reaction had a volume of 20 ul including 2 ul of RT 
mixture, 4 mM MgC12, 03 uM of specific hMPV L primers (sequence ID Nos. 112 
and 1 14), 0.6 uM of a specific hMPV L probe (SEQ. ID. No. 1 27), and 2 ul of the LC 
5 Master Hybridization Probe Mix (Roche Diagnostics). Cycling conditions included an 
initial denaturation step of 30 s at 94°C, followed by 60 cycles of 5 S at 94°C, 5 S at 
56°C, and 25 s at 72°C. A fluorescence lecture was taken after each elongation step 
(Fig. 9A). A standard curve for the PGR reaction was constructed by plotting cycle 
threshold values against log concentrations of each hMPV plasmid dilution The 
10 number of hMPV copies present in clinical samples was calculated by interpolating 
cycle threshold values into the assay's standard curve (Fig. 9B). 

Example 6: Determination of hMPV genotypes based on amplification and 
sequencing of the viral F and G genes. 

15 

Deterrriination of hMPV genotypes was achieved by PCR amplification of the F or G 
genes followed by DNA sequencing of the viral amplified products. Different sets of 
primers were used for PCR amplification and DNA sequencing of the F (SEQ. ID. 
2 0 Nos. 97 and 98) and G (SEQ. ID. Nos. 104 and 107 or 108 and 109) genes. Alignment 
of viral DNA sequences was done with the CLUSTAL W. software version 1.7 for 
Unix and phylogenetic trees were computed by maximum parsimony, distance and 
maximum likelihood-based criteria analysis using PAUP version 4.0.d8. Phylogenetic 
trees for both the F (Fig. 10A) and G (Fig. 10B) genes from Canadian and non- 
25 Canadian viral isolates revealed the existence of two hMPV groups (genotypes A and 
B) with two subgroups (subtypes 1 and 2) within each group. 

Example 7: Comparison of viral culture and multiplex PCR assay for detection 
of influenza A virus. 

30 

A multiplex PCR assay (including PCR primers defined in SEQ. ID. Nos. 139, 140, 
141, 142, 143, and 144) aimed at detecting influenza A and B viruses and the 
respiratory syncytial virus was used to assess the etiology of severe acute respiratory 



WO 2004/057021 



PCT/CA2003/001994 



45 

tract infections (ARTI) necessitating hospitalization in children aged 0-3 years during 
the winter season 2001-02 at the CHUL, an university-based hospital, in Quebec City 
(Canada). Nasopharyngeal (NPA) samples from all 208 children with ARTI were 
tested by multiplex PCR whereas a subset of 100 NPA specimens was inoculated on 
5 Madm Darby Canine Kidney (MDCK) cells for influenza culture. Briefly, viral RNA 
was prealably extracted from 200 fil of naso-pharyngeal aspirates using the QIAamp 
Viral RNA Mini kit (QIAGEN, Mississauga, ON, Canada). cDNA was then 
synthesized using 10 pi of the RNA preparation, 0.75 uM of random hexamer primers 
(Amersham Pharmacia Biotech, Baie d'Urfe, QC, Canada), 300 copies of an internal 

10 control template, and the Omniseript Reverse Transcriptase Kit (QIAGEN, 
Mississauga, ON, Canada) following the manufacturer's instructions. The internal 
control template consisted of a 558-bp transcribed region of an herpes simplex virus 
type 2 DNA polymerase region flanked by influenza B complementary primer 
sequences cloned into the pDrive plasinid (QIAGEN). cDNA was amplified using a 

15 real-time PCR procedure with the LC Faststart DNA Master SYBR Green 1 Kit 
(Roche Diagnostics, Laval, QC, Canada) in a LightCycler instrument (Roche 
Diagnostics). Each reaction had a total volume of 20 )x\ including 2 jml of 
complementary DNA and 18 p.1 of a reaction mixture containing 4 mM MgCl^ 2 ul of 
LC Faststart DNA SYBR Green Master 1 Mix, 3% DMSO, 0.3 p.M of influenza A 

20 and influenza B primers, and 0.8 pM of human respiratory syncytial virus primers 
(Table 10). Cycling conditions included an initial denaturation step of 10 min. at 
94°C, followed by 50 cycles of 15 s at 94 6 C, 5 s at 5S*C, and 25 s at 72 g C Detection 
of viral amplicons was characterized using the melting curve analysis feature of a 
real-time PCR instrument. Briefly, following the last amplification cycle on a 

25 LightCycler, the reaction temperature was rapidly increased to 94°C and was then 
decreased to 60°C for 30 seconds followed by a slow increase to 94°C at a rate of 
0.1 g C per second, with continuous fluorescence lecture. Using this procedure, the 
amplified products of influenza A, influenza B, hRSV, and the internal control could 
be differentiated by virtue of their specific Tm values i.e. 85, 83, 79, and 91°C, 

30 respectively (Table 13 and Fig. 11). 
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Influenza A virus was detected by multiplex PGR (specific Tm value of S5°C) in 
45/20S (21 >6%) of the samples tested whereas the culture was positive for this virus in 
14/100 (14%) tested NPA samples from children. For the subset of 100 »P A 
specimens tested by both methods, 88 (88%) had concordant results (1 1 positive, 77 
5 negative) whereas discordant results were obtained for 12 (12%) samples (3 
culture + /PCR*\ 9 cultureTPCR" 4 ")- Assuming that all positive results (by either culture 
or PGR) were true positive, the sensitivity values of the culture and ihe multiplex PGR 
for influenza A virus were 60.9% and 87.0%, respectively. There was no positive 
result for influenza B virus by any detection method as part of this study. 

10 

Examples: Comparison of antigen detection and multiplex PGR assay for 
detection of the human respiratory syncytial virus. 

Same as example 1, except that the multiplex PCR assay was used to detect hRSV 
15 from NPA samples obtained from 211 children with ARTI and compared with an 
antigen detection test for hRSV (TestPack, Abbott Laboratories, Abbott Park, IL). 

hRSV was detected by the multiplex PCR (specific Tm value of 79°C) in 109/211 
(5 1 .7%) of the tested samples whereas the hRSV antigen detect) on test was positive in 

20 93/21 1 (44.1%) tested NPA samples from children. Concordant results were found in 
1S3 (86.7%) samples (87 positive, 96 negative) whereas discordant results were 
obtained for 28 (13.3%) samples (6 antigen + /PCR", 22 antigenTPCR"*). A second RT- 
PCR assay for detection of another hRSV gene (glycoprotein G) was used to resolve 
the discrepancies (Peret et aL, 1998, J Gen Virol.79:2221-2229). After the resolution 

25 of the discrepant results, the sensitivity values of the antigen detection test and the 
multiplex PCR for hRSV were 80.5% and 96.5%, respectively. 
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Example 9: Evaluation of multiplex real time PCR assay for Influenza and 
human respiratory syncytial viruses. 

We developed a real-time multiplex PGR assay for influenza viruses and HRSV using 
5 the melting curve analysis feature of the LightCycler instrument to rapidly distinguish 
viral products. 



Materials and methods 

Study population and antigenic test. Nasopharyngeal aspirates (NPA) were 
10 prospectively collected from children aged 0-3 years hospitalized for AJR.TI during the 
winter season 2001-02 at a single, university-based hospital, in "Quebec City (Canada) 
(Boivin, G., et al. 2003. Emerg. Infect. Dis. 9:634-640). The study was approved by 
the institutional review board of the Centre Hospitalier Universitaire de Quebec- All 
samples were tested by the multiplex real-time PCR assay whereas antigen detection 
15 tests were performed on a subset of samples upon request by the treating physician. 
An aliquot (750 ul) of fresh NPA was first tested for the presence of HRSV and 
influenza A/B. antigens using respectively the RSV TestPack (Abbott Laboratories, 
Abbott Park, IL) and the Directigen Flu A-tfB test (Becton Dickinson, Sparks, MD). 
The rest of the specimen was frozen at -S0°C for a maximum of 3 months before 

2 0 nucl eic acid extraction and PCR testing. 

RNA extraction and cDNA synthesis. Viral RNA was extracted from 200 ul of NPA 
samples using the QIAamp Viral RNA Mini kit (QIAGEN, Missisauga, ON, Canada). 
Complementary DNA was then synthesized using 10 ul of the RNA preparation, 0.75 
25 \iM of random hexamer primers (Amersham Pharmacia Biotech, Bale d'UrfS, QC, 
Canada), and the Ornmscrrpt Reverse Transcriptase kit (QIAGEN) in presence of 300. 
copies of an internal control. The interna] control template consisted of a 558-bp 
transcribed region of the herpes simplex virus type 2 DNA polymerase gene flanked 
by influenza B complementary primer sequences (see below) cloned into the pDrive 

3 0 plasmid (QIAGEN). 
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Real-time multiplex and conventional PCR assays. The multiplex PCR Tespiratory 
assay was designed to amplify conserved regions of the influenza A (Fouchier, R 
A.,et al. . 2000.. J. Clin, Microbiol. 38:4096-4101) and B (Li, L, S. Chen, and D. H. 
Evans. 2001.. J. Clin. Microbiol. 39:696-704) matrix genes as well as the fusion gene 
5 of HRSV (Ma2zul]j, T., et ai, 1999. J. Infect. Dis. ISO: 1686-1 689). Complementary 
DNA was amplified using a real-time PCR procedure with the LC Paststart DNA 
Master SYBR Green 1 Mt (Roche Diagnostics, Laval, QC, Canada) in a LightCycler 
instrument (Roche Diagnostics). Each reaction bad a total volume of 20 pi including 2 
|ol of cDNA and 18 ul of a reaction mixture containing 2.4 mM MgCt, 2 ul of 

1 0 Faststart DNA SYBR Green 1 Master Mix, 3% DMSO, 0.3 mM of influenza A and B 
primeis (SEQ. ID Nos. 139440 and 141-142), and 0.8 mM of HRSV primers <SEQ. 
ID Nos. 143-144). Cycling conditions included an initial denaturation step of 10 min 
ai 94°C followed by 50 cycles of 15 s at 94 P C, 5 s at 58 Q C, and 25 s at 72°C. At the 
end of each cycle, the fluorescent signal was measured at a wavelength of 530 nM 

15 usinr: the LightCycler Fluorimeter. The melting curve analysis program of the 
LightCycler was used to identify specific PCR products. Briefly, following the last 
amplification cycle, the reaction temperature was rapidly increased to 94 C C and was 
then decreased to 60°C for 30 s followed by a slow increase to 94°C at a rate of 0.1 D C 
per s, with continuous fluorescence monitoring. For resolution of discrepant results 

2 0 between the multiplex PCR assay and antigenic tests, conventional RT-PCR assays 

for detection of the glycoprotein G gene of HRSV (Peret, T. C. 3 et al. 1998, J. Gen. 
Virol. 79:2221-2229) and the M2 gene of influenza A viruses (KHmov, A. L, et al. . 
1995. J. Infect Dis. 172:1352-1355) were performed retrospectively. 

25 Results 

Assay's characteristics. The sensitivity of each individual real-time PCR assay and 
of the multiplex PCR respiratory assay was determined for each target by testing" 
serial dilutions of transcribed plasxnids containing specific viral sequences. The lower 
limit of detection for influenza A, influenza B, and HRSV was found to be 10, 50 and 

3 0 50 copies, respectively, in individual PCR assays whereas it was 50 copies for each 

target (10 out of 10 times for influenza A and 9 out of 10 times for influenza B and 
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HRSV) in the multiplex PCR test No amplification sigual was detected in the real- 
time multiplex assay when testing viral DNA or RNA from adenoviruses, 
• rhinoviruses, enteroviruses (echo 11), parainfluenza viruses 1-3, human 
melapneurnovirus, and herpesviruses (herpes simplex virus type 1 and 2, 
5 cytomegalovirus, and varicella-zoster virus). Specific melting temperature (Tin) 
values were first determined by testing a set of clinical isolates and vaccine strains (1 1 
influenza A/HI, 10 influenza A/H3, 10 influenza B, and 17 HRSV) from different 
years (T able 14). A representative set of results is shown in Fig.] I. The mean Tm 
values were 85.27+0.22 , 83.47+0.46, and 79.51±0.30 °C for influenza A, influenza 

10 B, and HRSV corresponding to fragments of 245, 524, and 380 bp, respectively, after 
gel electrophoresis (Table 14). We found no influence of influenza A subtype (HI and 
H3) and HRSV genotype (A and B) on the Tm values (Table 14). The addition of 300 
copies of the internal control in the assay's ' master mix resulted in a specific 
amplification peak with a Tm value of 91 6 C (558 bp) in the absence of amplified viral 

15 products. 

Evaluation of the multiplex PCR respiratory assay in a pediatric population. The 
multiplex PCR assay was evaluated using extracted RNA from 208 NPA samples 
collected during a prospective pediatric study aimed at assessing the role of the 

20 human metapneumovirus in hospitalized children (0-3 years) with ARTI (Boivrn, G.> 
et aL 2003. Emerg. Infect. Dis, 9:634-640). The number of positive samples by 
multiplex PCR for influenza A, influenza B, and HRSV was found to be 45 (21.6%), 
0 (0%), and 106 (51.0%), respectively. Overall, the rate of posiavity for any of the 3 
viruses was 66.8% (139/208) including 5.8% (12/20S) of co-infections with influenza 

25 A and HRSV. None of the samples was considered to contain PCR-inhibitory samples 
as verified by the amplification of the internal control in all PCR-negative samples. 
The ranges of Tm values for influenza A- and HRSV-positive samples were 85.10 ± 
0.39 and 79.60 ± 0.42°C, respectively. All amplified products with one of the latter 
Tm values were confirmed as specific viral targets by visualizing the appropriate band 

30 on agarose gel. As none of the samples contained influenza B virus sequences (which 
correlates with the very occasional isolation of influenza B viruses in the Quebec City 
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area during the 2001-2002 season), a clinical evaluation of the multiplex PGR assay 
was conducted for influenza A and HRSV only. 

Evaluation of the multiplex PCR respiratory assay for detecting influenza A 
5 virus. From the 20S NPA evaluated by multiplex PCR, a subset of 172 samples were 
also tested for the presence of influenza antigens using the Directigen Flu A+B test 
(Table 15). Concordant results were obtained for 145 (84,3%) samples including 17 
positive and 12S negative results by the two tests. A total of 27 (15.7%) samples 
showed discordant results with 25 being positive by the multiplex PCR assay only and 

1 0 two positive by the antigenic test only. Tn order to resolve the discrepant results, a 
second RT-PCR test targeting a conserved gene (M2) of influenza A viruses was 
performed as reported (Klimov, A. L, et al. . 1995. J. Infect. Dis. 172:1352-1355). As 
shown in Table 15, influenza A virus M2 sequences were detected by the 
conventional RT-PCR assay in 22 (81.5%) of the 27 discordant samples. Using the 

15 M2 RT-PCR assay as the reference test, the sensitivity, specificity, positive predictive ' 
and negative predictive values of the multiplex real-time PCR assay and the antigenic 
test for influenza A virus were 100%, 97.7%, 92.8%, 100% and 43.6%, 98.5%, 
89.5%, 85.6% 3 respectively. The multiplex PCR respiratory assay was positive for 
HRSV in 12 (44.4%) of the 27 discordant influenza A samples with 10 of these 

20 samples showing dual HRSV/influenza A infections by the multiplex PCR assay 
(Table 16). The mean cycle threshold (Or) values, which are inversely correlated with 
the amounts of viral RNA, were 28.1 and 33.0 for PCR-positive/antigen-posinve and 
PCR-positive/antigen-negative samples, respectively (Table 16). These values 
correspond to approximately 5000 and 50 copies, respectively, when a specific 

2 5 influenza A plasmid was tested in the multiplex PCR assay. 

Evaluation of the multiplex PCR respiratory assay for detecting HRSV. A total of 
204 NPA samples could be evaluated by both the multiplex real-time PCR assay and 
the presence of HRSV antigens using the R5V TestPack (Table 17). Concor<Wt 

3 0 results were found in 172 (843%) samples including 83 positive and 89 negative 

results by the two tests. Thirty-two (15.7%) samples had discordant results with 21 
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being positive by the multiplex PCR assay only and 11 by the antigenic test only. 
Conventional RT-PCR tests for the HRSV glycoprotein G (A and B subtypes) were 
performed as previously described (Teret, T. C, et al. 1998. J. Geru Virol. 79:2221- 
2229) to resolve discrepant results. Specific sequences were detected by RT-PCR 
5 assays for the HRSV glycoprotein G gene in 26 (8 1 .2%) of the 32 discordant samples 
including 1 1 A and 15 B strains (Table 18). Using the latter test as "gold standard", 
the sensitivity, specificity, positive predictive and negative predictive values of the 
multiplex real-time PCR assay and the antigenic test for HRSV were 94.5%, 98.9%, 
99.0%, 94.0% and 81.6%, 94.7%, 94.7%, 81.8%, respectively. Four (66.7%) of the 
^10 six false-negative HRSV results by-multiplex PCR were positive for influenza A 
(Table 18). The mean C T values of the PCR-positive/antigen-positive and PCR- 
positive/antigen-negative samples "were 28.6 and 32.7, respectively (Table 18). These 
values correspond to approximately 1000 and 100 copies, respectively, when a 
specific HRSV piasmid was tested in the multiplex PCR assay... 

15 

Discussion 

La this report, we desoribe a new multiplex real-time PCR assay for the most 
commonly detected respiratory viral pathogens, namely influenza viruses (A and B) 
and HRSV. The key features of this novel assay include its rapidity (turnaround time 
20 of approximately 2h30 including 30 rain for sample preparation, 60 min for RT and 
60 min for real-time PCR including viral identification), and its sensitivity (50 copies 
per assay for eaoh viral target). Our results clearly demonstrate that our multiplex 
real-time PCR assay is more sensitive than cornmercially-available antigenic 
detection tests for both influenza A and HRSV with the greatest difference in 

2 5 sensitivity noted for influenza viruses. 

Multiplex RT-PCR assays targeting up to nine different respiratory pathogens have 
been previously reported (Fan, I, K. J. Henrickson, and L. L. Savatski. 1998.. Clin. 
Meet. Dis. 26:1397-1402, Grondahl, B., et al. 1999. J. Clin. Microbiol. 37:1-7, Kehl, 

3 0 S. C, et al. 2001. 39:1696-1701, Osiowy, C. 1998. J. Clin. Microbiol. 36:3149-3,154, 

Stockton, J., et al. . 1998. M J. Clin. Microbiol. 36:2990-2995, Valassina, M., A. M. 
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Cippone, M. G. Cusi, and P. E, Valensin. 1996: Clin. Diag. Virol. 8:227-232). More 
recently, a TaqMan-based real-time PCR assay for simultaneous detection of 
influenza A and B viruses has also been described (van Elden, L. J., et al. 2001. J. 
Cliu. Microbiol. 39:196-200). Compared to conventional multiplex PCR assays, our 
5 real-time PCR test is much more rapid because it avoids additional nested 
amplification and/or hybridization steps required for identification of viral products. 
Furthermore, the real-time amplification procedure minimizes the chances of 
contamination because there is no post-PCR processing of the samples. Although our 
multiplex real-time PCR assay based on melting curve analysis of amplicons does not 

10 permit absolute quantification of the viral targets as in the TaqMan PCR procedure 
(van Elden, L. J. s et al. 2001. J. Clin. Microbiol. 39:196-200), it allows for a larger 
number of viral targets to be simultaneously detected since there is no limitation 
related to the capability of the system to detect multiple dyes linked to detection 
probes with distinct emission wavelengths. Eventually, more than three viral targets 

15 could be simultaneously detected in the IightCycler assay assuming the absence of 
interaction between PCR primers and a reproducible and discriruinative Tm value for 
each viral amplicon. 

Evaluation of our multiplex real-time PCR assay in a pediatric population with severe 
20 ARTI clearly iUustrated its clinical potential. Indeed, our assay identified a viral 
pathogen (influenza or HRSV) in two-thirds of the hospitalized children. These 
numbers are similar to the ones previously reported by our group in the same 
population using individual real-time assays for these viral pathogens (Boiviu, G. 7 et 
al. 2003. Emerg. Infect Dis. 9:634-640). Notably, we were able to show that 6% of 
25 hospitalized children had dual viral infections, a finding that has been reported albeit 
at a lower frequency by other investigators (Grondahl, B., et al. 1999. J. plin. 
Microbiol. 37:1-7, Kehl, S. C, et al. 2001. 39:1696-1701, Osiowy, C. 1998. J. Clin. 
Microbiol. 36:3149-3154). Rapid identification of theses viral pathogens (influenza 
and HEtSV) is of paramount importance for isolation purposes in the hospital setting 
3 o and early institution of specific antiviral therapy (Whitley, R. L, et al. 2001 Pediatr. 
Infect. Dis. J. 20:127-133). We are currently designing additional multiplex assays 



WO 2004/057021 



PCT/CA2003/001994 



53 

based on the Same technology to cover the whole spectrum of respiratory pathogens 
including parainfluenza viruses (PIV), adenoviruses, enteroviruses, and coronavjruses 
(Treanor, J. 2002. Respiratory Infections, p. 7-26, In Richard, J. V/hitley, Douglas D. 
Richman and Frederick G. Hayden (eds.)- Clinical Virology. 2 nd ed. ASM Press. 
5 Washington, D.C.). To this list, we should also add the recently described human 
metapneumovirus which has been reported by our group and others in up to 10% of 
ARTI in hospitalized children (Boivin, G., et al, 2003. Emerg. Infect. Dis. 9:634-640, 
Jartti, T., B. van den Hoogen, R. P. Garofalo, A. D. Osterhaus, and O. Ruuskanen. 
2002.. Lancet 360:1393-1394, Nisscn, M. D., et al 2002. Med. J. Aust 176:188, van 
10 den Hoogen, B. G-, J, C. de Jong, J. Groen, T. Kuiken, R de Groot, R. A. Fouchier, 
and A. D. Osterhaus. 2001 Nat. Med. 7:719-724); 

A specific evaluation of the real-time multiplex PCR assay for influenza A revealed 
that it was twice as sensitive as the rapid antigen detection test in use at our institution 

15 during the winter season of 2001-2002. None of the two PCR-negative, antigen- 
positive samples were confirmed by a second PCR targeting another conserved gene 
(M2) of influenza A whereas most (22/25, 88.0%) multiplex PCR-positive, antigen- 
negative were. Jji general, the false-negative antigenic test results could be explained 
by low amounts of viral RNA in those NPA samples as demonstrated by high C T 

20 values in the corresponding real-time PCR assays. Three multiplex PCR test results 
were not confirmed by the influenza A M2 PCR test and were thus considered false- 
positive results. However, as we have not formally evaluated the sensitivity of the M2 
PCR test and since viral cultures were not routinely done, we cannot rule out the 
possibility that such discrepant results were indeed true positive. We and other 

25 investigators have shown the superiority of RT-PCR tests over conventional methods 
(antigenic tests and viral culture) for detecting influenza viruses in clinical samples 
including those sent to the laboratory by mail (Boivin, G„ I. Hardy, and A. Kress. 
2001. J. Clin. Microbiol. 39:730-732, Ellis. S. $., D. M. Fleming, and M. C. Zambon. 
1997. 1996. J. Clin. Microbiol. 35:2076-2082, Kehl, S. C, et al. 2001. 39:1696-1701, 

3 0 Steininger, C, et al. 2002. J. Clin. Microbiol. 40:2051-2056, van Elden, L. I, et al. 
2001. J. Clin. Microbiol. 39:1 96-200). It is now common procedure at our institution 
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to confirm any negative antigenic tests results for influenza A and B by either viral 
culture or RT-PCR considering the high specificity but relatively poor sensitivity of 
the former assays. 

5 For HRSV, the multiplex real-time PCR assay was also found to be more sensitive 
(by approximately 15%) than the rapid antigenic test when a second RT-PCR assay 
for the HRSV gG gene was used to resolve the discrepancies. Most of the false- 
negative antigenic test results could be explained by low amounts of viral RNA in the 
NPA samples as shown by mean C? values of 32.7 for discordant results compared to 

10 28.6 for concordant positive results. The specificity of the multiplex assay was 
excellent with only one positive result not confirmed by the second PCR test. In 
contrast, the multiplex PCR assay missed six cases of HRSV which tested positive in 
both the antigenic test and the second PCR assay for HRSV gG. Notably, four of 
those six samples tested positive for influenza A in the multiplex PCR assay. Thus, 

15 although our multiplex PCR test has the capability of detecting dual infections (as 
seen tn 6% of our cases), it is possible that high amounts of one virus could inhibit 
amplification of other pathogens. It is .noteworthy that the multiplex PCR assay had 
the ability to amplify both HRSV genotypes as shown by the detection of 15 B and 1 1 
A genotypes using specific PCR assays aimed at detecting variable regions of the 

20 HRSV gG gene (Mazzulli, T., et al, 1999. J. Infect. Dis. 180:1686-1689). Although 
the rapid antigenic test had a relatively good performance (sensitivity: 82%, 
specificity 95%) for detection of HRSV in young children, the real advantage of PCR 
probably resides in the adult population where viral titers are lower and where 
antigenic tests are not recommended with upper respiratory tract samples (Englund, J, 

25 A., etal 1996.. 34:1649-1653). 

There are some limitations to our study which are worth mentioning. First, the 
absence of circulation of influenza B viruses during the study period prevents 
adequate validation of our multiplex assay for this pathogen, and in particular for its 
30 ability to detect mixed (influenza B and HRSV) infections. Second, the performance 
of our multiplex PCR assay cannot be generalized to other types of samples (throat 



r 
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swabs, sputum) and to other populations (outpatients, adults) at the present time. Also, 
the absence of serological testing in our study may have underestimated the rate of 
viral infections especially for those children who presented late after the onset of 
symptoms. Finally, although it was relatively easy to discriminate between the 
5 different viral pathogens based on their specific Tm values only (Table 14), we 
sometimes had to confinn viral amplicons by gel electrophoresis, which increases the 
assay's turnaround time. 

In conclusion, we described a rapid and sensitive multiplex real-time PCR assay for 
1 0 detecting influenza viruses and HRSV in children's NPA samples. This new assay is 
as specific and much more sensitive than currently-available antigen detection tests 
and could complement the latter in the hospital setting when there is high clinical 
suspicion despite negative results. Future work is needed to expand the panel of viral 
pathogens detected by such rapid molecular methods in order to eventually 
15 circumvent the need for viral cultures. Also, future evaluation of the multiplex PCR 
assay is warranted in the adult population with severe ARTL 
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Example 10 : Description and Evaluation of the Multiplex Respiratory-1 PCR 

5 Same as example 9, except that hMPV primers (as defined in SEQ. ID. Nos. 95 and 
96 or 112 and 114) were added to the multiplex PCR assay (already containing 
primers of SEQ. ID. Nos. 139+140 for influenza A, 141+142 for influenza B, and 
143+144 for hRSV) at a concentration of 0.3 uM. The cycling conditions included an 
amplification step of 50 cycles of 15 s at 94°C, 5 s at 58 e C, and 28 s at 72°C. The Tm 

10 values determined with the LightCycler instrument were 91°C, 35 9 C, 83°C, 79°C, and 
S2°C/77°C for the internal control, influenza A, influenza B, hRSV, and hMPV N/L 
genes, respectively (Fig. 7 A for hMPV N primers of SEQ. ID. Nos. 95 and 96 and 
Fig. 7B for hMPV L primers of SEQ. ID Nos. 112 and 114). The lower limit of 
detection of the multiplex respiratory-1 PCR was 10, 50, 100, and 100 copies for 

15 influenza A, influenza B, hRSV, and hMPV, respectively, in the presence of 500 
copies of an internal control (plasmid flanked by influenza B complementary primer 
sequences). The multiplex respiratory-1 assay was found to be specific with no 
amplification of adenoviruses, enteroviruses, rhino viruses, parainfluenza viruses 1-3, 
coronaviruses, herpes simplex virus type 1 and 2, varicella-zoster vims, 

2 0 cytomegalovirus, HHV-6, HHV-8, and Epstein-Barr virus, 

* The multiplex respiratory-1 PCR was evaluated with NPA samples from 248 children 
£3 years with acute respiratory tract infections and 108 adults £50 years with 
.exacerbation of chronic obstructive pulmonary disease of pneumonia requiring 

25 hospitalization during the 2002-03 winter/spring period in Quebec City, Canada. In 
children, the detection rate for influenza A, influenza B, hRSV, and hMPV was 9/248 
(3.6%), 4/248 (1.6%), 123/248 (49.6%), and 13/248 (5.2%), respectively. Five (2.0%) 
of the 248 children had a mixed viral infection. None of the NPA samples was found 
to contain PCR-inhibitory substances as shown by successful amplification of the 

3 0 internal control in all negative samples. In adults, the detection rate for influenza A, 

influenza B, hRSV, and hMPV was 3/108 (2.8%), 0/108 (0%), 13/108 (12.0%), and 
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27108 (1.3%), respectively, One patient had a mixed viral infection (influenza A and 
hMPV). No samples contained FCR-inhibitory samples. 

Example 11 : Description and evaluation of ,the multiplex respiratory-2 PCR. 

5 

Same as example 9, except mat the multiplex PCR assay is oomposed of the following 
PCR primers for detection of paramfluerrza-1 (SEQ. ID: Nos. 147 and 148), 
parainfluenzal (SEQ. ID. Nos. 151 and 152), human adenoviruses (SEQ. ID. Nos. 

10 153 and 155), and rbinovimses/enteroviruses (SEQ. ID. Nos. 160 and 161). Primers 
are added in the PCR reaction mixture at a concentration of 0.2 jiM (SEQ. 3D. Nos. 
147 and 151), 0.3 pM (SEQ. ID. Nos. 153 and 155), 0.4 uM (SEQ. ID. Nos. 148 and 
152), and 0.5 fiM (SEQ, E>. Nos. 160 and 161). The cycling conditions included an 
amplification step of 50 cycles of 1 5 s at 94°C, 5 s at 5S°C, and 26 s at 72 G C. The Tm 

l~ varies determined with the LightCycler instrument were 91.0 6 C, S0-0°C, 77.5 °C, 
S9.0°C. B2.0°C, and 85.0°C for the internal control, parainfluenza- 1, pararnfluenza-3, 
adenoviruses, rrrinoviruses, and enteroviruses, respectively (Fig, 8). The lower limit of 
detection of the multiplex respiratory-2 PCR was 50, 100, 10, 50, and 200 copies for 
parainfluenza- 1, parainfluenza-3, adenoviruses, rhinoviruses, and enteroviruses, 

20 respectively, in the presence of 500 copies of an internal control (plasmid flanked by 
rtuno^us/enterovirus complementary primer sequences). The multiplex respiratory-2 
assay was found to he specific with no amplification of mfluenza A* influenza B, 
hRSV, hMPV, coronavirus, herpes simplex virus type 1 and 2, varicella-zoster virus, 
cytomegalovirus, HHV-6, HHV-8, and Epsteirt-Barr virus. 

25 

Example 12 : Description of real-time PCR assays for the SARS-coronavirus. 

3 0 Same as example 9, except that the PCR assay is composed uniquely of primers (two 
different possible sets) for the SARS-coronavirus as defined in SEQ. ID. Nos. I56t 
1 57 and 158- 1 59. The concentratioa of the primers in the PCR reaction mixture is 0.5 
\M. The amplification step included 50 cycles of 15 s at 94°C. 5 s at 58 0 C, and 20 s 
at 72°C The Tm for both PCR products is 83°C (Fig. 12). 
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Table 1 ! List of JtiMP V sequences revealed in the present invention 



SEOIDNO. 


Isolate No. 


Target gene 


2 


hMPV-118 


Nucleoprotein 


3 


hMPV-174 


Nucleoprotein 


4 


hMPV~176 


Nucleoprotein 


5 


hMPV-193 


Nucleoprotein 


6 


C-77S07 • 


Nueleoprotein 


7 


C-77748 


Nucleoprotein 


8 


HMPV-217 


Nucleoprotein 


10 


hMPV-163 


Nucleoprotein 


11 


hMPV-174 


Nucleoprotein 


12 


hMPV-184 


Nucleoprotein 


• 13 


hMPV-185 


Nucleoprotein 


14 


C-76837 


Nucleoprotein 


15 


C-77807 


Nucleoprotein 


16 


C-78123 


Nucleoprotein 


17 


C-7S132 


Nucleoprolein 


18 


C-78163 


Nucleoprotein 


19 


C-91205 


Nucleoprotein 


20 


C-91364 


Nucleoprotein 


21 


C-91830 


Nucl eoorotein 


22 


hMPV-Q86 


Nucleoorotein 


23 


hMPV-Q97- 


Nuc leoprotein 


24 


Can 97-83 


Nucleoprotein 


25 


.Can 98-75 


NucleoDrotein 


26 


Can 98-75 


Pusion type D 


27 


C-67345 


Fusion tvoe I 


2S 


Can 97-83 


Fusion type I 


29 


C-68661 


Fusion type I 


30 


C-73750 


Fusion type I 


31 


C-74549 


Fusion type I 


32 


C-747S3 


Fusion type I 


33 


C-76837 


Fusion type I 


34 


C-77748 


Fusion type I 


35 


C-77807 


Fusion type I 


36 


C-78132 


Fusion type I 


37 


C-78163 - 


Fusion type I 


38 • ' 


C-78406 


Fusion type I 


39 


hMPV-174 


Fusion type H 


40 


hMPV493 


Fusion type I 


41 


hMPV-194 


Fusion type I 


42 


hMPV-198 


Fusion type I 


43 


hMPV-217 


Fusion type II 


44 


hMPV^208 


Fusion type I 


45 


hMPV-223 


Fusion type I 


46 


hMPV-228 


Fusion type I 
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4/ 


0<OOc 

u-55885 


Fusion type I 




o-ouzyo 


Fusion type I 


49 


C-63778 


Fusion type H 


5U 


C-64199 


Fusion type II 


C 1 


C-64200 


Fusion type IJ 


52 . 


C-64536 


Fusion type 11 


CI 

53 


C-73769 


Fusion type II 


<A 

j4 


074501 


Fusion type II 


55 


C-7S429 


Fusion type II 


JO 


0/856Z 


Fusion type II 


3 / 


dMFV-1 1 8 


Fusion type 11 


58 


bMPV-200 


Fusion type I 


59 


hMPV-1 76 


Fusion type I 


60 


nMPV-193 


Glycoprotein . 


01 


nMPV-228 


Glycoprotein 


62 


C-77748 


Glycoprotein 


63 


C-78132 


Glycoprotein 


64 


C-78406 


Glycoprotein 


65 


C-73750 


Glycoprotein 


DO 


U-60298 


Glycoprotein 


67 


C-74783 


Glycoprotein 


68 


C-74549 


Glycoprotein 


69 


C-77807 


Glycoprotein 


70 


C-78 ] 63 


Glycoprotein 


71 


C-68661 


Glycoprotein 


. 7* 


i n n a a ft 

C-88448 


Glycoprotein 


73 


C-88470 


Glycoprotein 


74 


C-S6316 


Glycoprotein 


76 


hMPV-1 1 8 


Polymerase 


77 


hMPV-1 63 


Polymerase 


78 


nMPV-174 


Polymerase 


/y 


nMFY-184 


Polymerase 


OA 


hMPV-1 96 


Polymerase 


Hi 


C-76S37 


Polymerase 


oZ 


O~//0U7 


Polymerase 


83 


J-LLYXi. Y i, OJ 


Polymerase 


84 


C-78 123 


Polymerase 


85 


C-91205 


Polymerase 


86 


C-91364 


Polymerase 


87 . 


C-91749 


Polymerase 


88 


hMPV-Q86 


Polymerase 


89 


bMPV-Q97 


Polymerase 


90 


Can 97-83 


Polymerase 
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table 2: List of hMPV PCR primers developed in tho present invention 



, Originating DNA 
SE Q IP NO. Target gene Position 11 SEQ IP NO. 



91 


Nucleoprotein (N) 


25 


1 


92 


Nucleoprotein (N) 


97 


1 


93 


Nucleoprotein (N) 


146 b 


1 


94 


Nucleoprotein (N) 


1025 b 


1 


95 


Nucleoprotein (N) 


58 




96 


Nucleoprotein (N) 


986 b 




97 


Fusion (F) 


3052 


1 


98 


Fusion (F) 


3810 h 


1 


99 


Fusion (F) 


467 l b 


1 


100 


Matrix (M) 


2165 


I 


101 


Matrix (M) 


2943 b 




102 


Phosphoprotein (P) 


1248 




103 


Pnosphoprotein (P) 


2124 b 




104 


Glycoprotein (G) 


6231 




105 


Glycoprotein (G) . 


6247 




106 


Glycoprotein (G) 


6957 b 




107 


Glycoprotein (G) 


6981 b 




ICS 


Glycoprotein (G) 


6235 




109 


Glycoprotein (G) 


7227 b 




no 


RNA polymerase (L) 


142 


75 


in 


KNA polymerase (L) 


691 b 


75 


112 


RNA polymerase (L) 


.7308 




113 


RNA polymerase (L) 


7857 b 




114 


RNA polymerase (L) 


7616 





B Position refers to nucleotide position of 5' end of primer. Oligonucleotides are 17-20 bp in length. 
b Primer is reverse-complement of target sequence. 
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Table 3: List of KMPV probes developed in the present invention 



OHiVi XL* IN KJw 


x argei gene 








Position* 


1 1 5 


INUCJ60prOu31D. yNj 


/OO 




iNucjeoproiein. (in j 


OAfl 

808 


11. 1 


r usion {r ) 


O 1 


118 




71 C7 
Jio / 


119 


Matrix (M) 


2636 


120 


Matrix (M) 


2659 


121 


Phosphoprotein (P) 


1492 


122 


Phosphoprotein (P) 


1518 


123 


Glycoprotein (G) 


6509 


124 


Glycoprotein (G) 


6530 


125 


RNA polymerase (L) 


7600 


126 


RNA polymerase (L) 


7627 


127 


RNA polymerase (L) 


7331 


128 


Nucleoprotein (N) 


824- 


129 


RNA polymerase (L) 


434 



SEQIDNO. 



9 

75 



a Position refers to nucleotide position of 5 s end of probe, Oligonucleotides are 21-25 bp in length- 
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Table 4: Length of amplicons obtained with different WVEPV primer pairs which are objects of the 
present invention 



SEQ ID NO. 


Target 


Length of 




Gene 


amplicon 


91+94 


Nucleopiotein (N) 


1001 bp 


92 + 94 


Nucleoprotein (N) 


929 bp 


91+93 


Nucleoprotein (N) 


122 bp 


97 + 99 


Fusion (F) 


1620 bp 


97 + 98 


Fusion (F) 


759 bp 


100+101 


Matrix (M) 


779 bp 


102+103 


Phosphoprotein (P) 


877 bp 


104 + 107 


Glycoprotein (G) 


751 bp 


105+106 


Glycoprotein (G) 


711 bp 


108+109 


Glycoprotein (G) 


993 bp 


112+113 


RNA polymerase (L) 


550 bp 


112+114 


RNA polymerase (L) 


308 bp 
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Table 5: Comparative evaluation of different hMPV primers for detection of hMPV strains 



Strains 


Type 

of 
sample 


Year 




N 

Primers 




M 
primers 




primers 




P 

primers 


L 

primers 


No. 


SEQ. ID. 


SEQ. ID. Nos. 


SEQ. ID. Nos. 


SEQ. ID. Nos. 


SEQ. ID. Nos. 






Nos. 92+94 




100+101 




97+98 




102+103 


112 + 113 




I or S 




+/ 


- Tm 


+/- 


Tm (°C) 


+/- 


Tm(°C) 


+/- 


Tm 


+ /- 


Tm 










<°Q 








(°C) 


i 


ro 


C-74501 


I 


2000 




82.92 


- 




+ 


83.65 


- 




+. 


78.14 


C-747S3 


I 


2000 


+ 


82.76 


+ 


83.49 


- 




+ 


81.51 


+ 


78.20 


C-76S37 


1 


2000 


+ 


S2.94 


+ 


83.43 


+ 


83 v .17 


+ 


80.86 


- 




C-77719 


I 


2001 


+ 


83.26 


+ 


84.64 


- 


- 




+ 


77.87 


C-77738 


I 


2001 


+ 


82.99 


- 




- 




- 




+ 


77.51 


C-77748 


I 


2001 


+ 


83.06 


+ 


82.96 


+ 


83.10 


+ 


81.27 


+ 


77,38 


C-77807 


I 


2001 




82.99 


+ 


83.26 


+ 


83.25 


.+ 


80.65 


+ 


78.34 


C-7S024 


I 


2001 


+ 


82.86 


+ 


83.95 


- 




- 








C-78028 


I 


2001 


+ 


82.98 


+ 


83.13 






- 




+ 


78,32 


C-7S123 


I 


2001 


+ 


82.83 


- 




- 




- 




+ 


78.48 


C-85984 


I 


2002 


+ 


82.59 




83.21 


+ 


83.51 


+ 


79.99 


+ 


77.97 


C-85448 


1 


2002 


+ 


83.66 


+ 


82.72 


- 




+ 


80.31 


+ 


78.88 


C-859S3 


I 


2002 


+ 


82.59 


+ 


83.03 


+ 


83.88 


+ 


80.46 


+ 


78.01 


C-85988 


T 


2002 




82.17 


- 




+ 


84.39 






+ 


78.06 


C-86316 


I 


2002 




82,64 


+ 


82.75 


+ 


83.18 


+ 


80.18 


+ 


78.02 


C-85126 


I 


20.02 


+ 


81.89 


+ 


82.05 


+ 


82.39 


+ 


80.00 


+ 


78.04 


C-85473 


I 


2002 


+ 


82.39 


+ 


82.57 


+ 


82.91 


+ 


S0.74 


+ 


77.82 


C-85332 


I 


2002 




81.98 


- 




- 




- 




. + 


77.72 


C-85596 


I 


2002 


+ 


82,24 


+ 


82.73 


+ 


83.17 , 


+ 


80.35 


+ 


77.58 


C-S5542 


I 


2002 


+ 


82.22 


+ 


82.72 


- 




+ 


80.08 


+ 


77.67 


HMPV- 


S 


2002 


+ 


82.47 


- 




- 




- 




ND 


ND 


118 


























HMPV- 


S 


2002 


+ 


82.18 




82.06 


+ 


83.16 


+ 


80.17 


+ 


78.20 


174 


























HMPV- 


s 


2002 


+ 


81.41 






+ 


83.97 






+ 


77.81 


176 


























HMPV- 


s 


2002 


+ 


82.22 


+ 


81.89 


+ 


83.00 


+ 


80.58 


+ 


77.94 


193 


























HMPV- 


s 


2002 


■+ 


82.24 


+ 


81.32 


+ 


82.98 






+ 


77.84 


194 


























HMPV- 


s 


2002 




82.66 


















198 


























HMPV- 


s 


2002 


+ 


82.53 






+ 


83.46 






+ 


77.62 


200 


























HMPV- 


s 


2002 




82.11 


+ 


81.81 




83.33 


+ 


80.06 




78.40 


208 


























HMPV- 


s 


2002 


+ 


82.13 


+ 


81.58 


+ 


83.01 






+ 


77.76 


217 
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HMPV- S 


2002 + 81.89 


+ 82.36 


+ 83.04 


+ 78,10 


223 










Mean 


82.63 ± 0.87 


82.75 ± 0.80 


83.29 ± 0.45 


80.48 ± 0.46 77.99 ±0.33 



Note: I = viral isolated; S = clinical specimens; Tm = melting temperature as jdetcrmined by a LightCycler 
instrument. 
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Table 6: Size of the viral fusion (F) gene fragments obtained for different hMPV 
isolates following enzymatic digestion >vith restriction endomtcleases 



SEQ ED NO. 


Fragments obtained after digestion 
with the restriction endonuclease 


F genotype 0 




ApaLI 


Avrll 




35 


532 bp +227 
bp 


759 bp 


1 


58 


532 bp +227 
bp 


759 bp 


T 


39 


759 bp 


447 bp + 312 
bp 


n 


4D 


532 bp + 227 
bp 


759 bp 


I 


41 


532 bp +227 
bp 


759 bp 


I 


43 


759 bp 


447 bp + 312 
bp 


n 


44 


' 532 bp + 227 
bp 


759 bp 


i 


59 


532 bp +227 
bp. 


759 bp 


i 


45 


S32 bp + 227 
bp 


759 bp 


i 



S "As determined by DNA sequencing and pnylogenetic studies. 
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Table 10:List of PCR primers used for amplification of respiratory viruses 



Primer 






Originating DNA 
Position 21 SEQ ED NO. 


SEQ n> NO. 


Virus 


Target Gene 


139 


Influenza A 


Matrix 


32/7 


130-131 


140 


Influenza A 


Matrix 


276 b /25I b 


130-131 


141 


Influenza B 


Matrix 


82 


132 


142 


Influenza B 


Matrix 


605 b 


132 


143 


RSV 


Fusion 


1111 


133 


144 


RSV 


Fusion 


1490 b 


133 


95 


hMPV 


Nuclcocapsid 


58 


9 


96 


hMPV 


Nucleocapsid 


986 b < 


9 


110 


hMPV 


Polymerase 


142 


75 


ill 


hMPV 


Polymerase 


691 b 


75 


145 


PIV-1 


Nuoleocapsid 


64 


134 


146 


PJV-0 


Nucleocapsid 


147 b 


134 


149 


PIV-3 


. "Nuoleocapsid 


416 


135 


150 


PIV-3 


Nucleocapsid 


649 b 


135 


154 


Adenovirus 


Hexon 


154 


136 


155 


Adenovirus 


Hexon 


368 b 


136 


160 


Entero/Rhinovirus 


5*-non coding region 


94/71 


137/138 


161 


Entero/RhinovLrus 


5* -non coding region / VP2 


746 b /603 b 


137/138 


141 


!C C multiplex 1 


DNA polymerase HSV-2 


1 


170 


142 


IC C multiplex 1 
IC C multiplex 2 
IC C multiplex 2 


DNA polymerase HSV-2 


558 b 


170 


160 


DNA polymerase HSV-2 


1 


171 


161 


DNA polymerase HSV-2 


554 b 


171 


112 


hMPV 


Polymerase 


730S 


1 


1J4 


hMPV 


Polymerase 


• 7616 


1 


147 


PIV-1 


Nucleocapsid 


822' 


134 


14* 


PIV-1 


Nucleocapsid 


1029 


134 


151 


PIV-3 


Nucleocapsid 


792 


135 


152 


PIV-3 


Nucleocapsid 


902 


135 


153 


Adenovirus 


Hexon 


7 


136 


156 


Sars-CoV 


nsp9 






157 


Sars-CoV 


nsp9 






158 


Sars-CoV 


nspll 






159 ' 


Sars-CoV 


nspl 1 







D Position refers to nucleotide position of 5 '-end of primer. Oligonucleotides are 16-26 bp in 
length. 

b Primer is reverse-complement of target sequence. 

c 1C refers to the internal control used to monitor the efficiency of the PCR amplification 
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Table 11: List of viral probes developed in the present invention 



Probe 
SEQ ID NO. 


Target 


Originating UNA 
Position" SEQ ID NO, 


162 


Influenza A 


114°/ 89° 


130/131 


163 


Influenza B 


383 


132 


164 


hRSV 


1391 b 


133 


128 


hMPV 


824 


9 


129 


hMPV 


434 


75 


165 


PTV-1 


96 


134 • 


166 


PIV-3 


61 6 b 


135 


167 


Adenovirus 


22S 


136 


168 


Rhinovirus 


467* 


138 


169 


J-mterovhis 


644 b 


137 


172 


Internal Control 0 


321 b /325 b 


170/171 



a Position refers to nucleotide position of 5 '-end of primer. Oligonucleotides are 20-23 bp in 
length, 

b Probe is reverse-complement of target sequence. 

C A modified DNA polymerase gene sequence of herpes simplex virus (HSV) type 2 serves as the 
internal control template. 
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Table 12: Length of araplicons obtained with the different viral primer pairs 



Primer 






Length 


SEO ID NO. 


Virus 


Target gene 


of amplicons 


139 + 140 


Influenza A 


Matrix 


24 j Op 


141 -1-142 


Influenza B 


Matrix 


524 bp 


143 + 144 


hRSV 


Fusion 


380 bp 


95 + 96 


hMPV 


Nucleocapsid 


929 bp 


110 + 111 


hMPV 


Polymerase 


550 bp 


145 + 146 


PIV-1 


. Nucleocapsid 


84 bp 


149 + 150 


prv-3 


IN ucieocapb iu 




154 + 155 


Adenoviruses 


Hexon 


215 bp 


160 + 161 


Rhinoviruses 


5 '-non coding region - VP2 


533 bp 


160 + 161 


Enteroviruses 


5 ' -non coding region 


653 bp 


141 + 142 


IC multiplex 1 


DNA polymerase HSV-2 


558 bp 


160 + 161 


tC multiplex 2 


DN A polymerase HSV-2 


554 bp 


112 + 114 


hMPV 


Polymerase 


308 bp 


147 + 148 


PIV-1 


Nucleocapsid 


20Sbp 


151 + 152 


PIV-3 


Nucleocapsid 


til bp 


153 + 155 


Adenovirus 


Hexon 


362 bp 


156+157 


Sars-CoV 


nsp9 


198 bp 


158 + 159 


Sars-CoV 


nspll 


368 bp 
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Table 13: Selection of primer sets with resulting melting temperature (Tm) values of the 
corresponding ftmplicons for each multiplex assay 



Primer 










Target 


Multiplex NO* 


Tm f°a 


139+ 140 


Influenza A 


1 


85 


141 + 142 


Influenza B 


J 


83 


143 + 144 


hRSV 


1 


79 


95 + 96 or 


hMPV 


1 


82 or 77 


112+114 






141 + 142 


Internal Control 


1 


91 


147 + 148 


Parainfluenza 1 


2 


80.0 


151 + 152 


Parainfluenza 3 


2 


77.5 


153+155 


Adenovirus 


2 


89.0 


160+161 


Rhinovirus 


2 


82.0 


. 160+161 


Enterovirus 


2 


85.0 


160+161 


" Internal Control 


2 


91 
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Table 14, Evaluation of the multiplex PGR respiratory assay with temporally- 
different strains of influenza (Flu) and human respiratory syncytial (HRSV) viruses. 



Virus 


Subtype / 


Year 


Type 


Strain 


Tm (^C) 




Genotype* 








Flu A 


TT1 

HI 


yy-uu 


cluneal 




85.10 


CI,. A 

Flu A 


HI 


Aft AA 

99-00 


cluneal 


— 


85.39 


Flu A 


HI 


00-01 


clinical 


- 


S5.12 


Flu A 


HI 


00-01 


clinical 


- 


8520 


Flu A 


HI 


00-01 


clinical 


■ 


85.04 


Flu A 


HI 


01-02 


clinical 




84.62 


Flu A 


Hi 


01-02 


clinical 


- 


85.07 


Flu A 


HI 


02-03 


clinical 


- 


85.50 


Flu A 


Hi 


02-03 


clinical 




8529 


171.. a 

rlu A 


HI 


95 


vaccine 


A/Beijing/262/9 5 


85.06 


r 1U A 


til 




vaccine 


A/WSN/33 


85.25 


iviean j\±xi 










85.15db0.22 


rlu A 


as 


ft O An 


clinical 




85.5S 


rlu A 


tu 


no An 
98-99 


clinical 




85.18 


rlu A 


H3 


98-99 


clinical 


— 


85.35 


Tin A 

r Ju A 


H3 


AO AA 


clinical 


— 


85.57 


rlu A 


H3 


A O AA 


1* • i 

clinical 


— 


85.37 


rlU A 


H3 


01-02 


clinical 


- 


S5.07 


rlU A 


H3 


A 1 An 

01-02 


clinical 


— 


85.65 


rlU A 


H3 


UZ-U3 


clinical 




84.92 


XlU A 


rJL3 


AA 

yy 


vaccine 


A/Panama/200 7/9 9 


85.18 


Phi A 




Q7 


vaccine 


A/oyaney/o/y / 


a j.Uo 


Mean AID 










85.31±0 25 


Mean FluA 










85.27*0-22 


FluB 




98-99 


clinical 




83.87 


FluB 




98-99 


Clinical 




■ 83.12 


FluB 




00-01 


clinical 




83.01 


FluB 




00-01 


clinical 




83.03 


FluB 




00-01 


clinical 




82.88 


FluB 




00-01 


clinical 




83.75 


FluB 




00-01 


clinical 




83.17 


FluB 




02-03 


clinical 




83.89 


FluB 




02-03 


clinical 




83.84 


FluB 




97 


vaccine 


B/Harbin/7/97 


84.12 


Mean FluB 










83.47±0.46 
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Table 14. Evaluation of the multiplex PCR respiratory assay with temporally- 
different strains of influenza (Flu) and human respiratory syncytial 
(HRSV) viruses. (Continued). 



HRSV 


B 


99-00 


HRSV 


A 


99-00 


HRSV 


A 


00-01 


HRSV 


A 


00-01 


HRSV 


B 


• 01-02 


HRSV 


B 


01-02 


HRSV 


• B 


01-02 


HRSV 


B 


01-02 


HRSV 


A 


01-02 


HRSV 


B 


01-02 


HRSV 


B 


01-02 


HRSV 


B 


01-02 


HRSV 


B 


01-02 


HRSV 


B 


01-02 


HRSV 


A 


01-02 


HRSV 


A 


01-02 


HRSV 


A 


01-02 



| Mean EQRSV-A 
| Mean HRSV-B 
I Mean HRSV 



clinical 


79.32 


clinical 


79.83 


clinical 


79.06 


clinical 


78.S5 


cluneal 


7934 


clinical 


79.52 


clinical 


79.9S 


clinical 


79.52 


clinical 


79.S4 


clinical 


79.42 


clinical 


79.49 


clinical 


79.48 


clinical 


79.55 


clinical 


79.32 


clinical 


79.77 


clinical ' 


79.92 


clinical 


79.40 




79.52±0.43 




79.49±0.19 


79.51±0.30 



5 

a Subtyping was performed by multiplex PCR for the influenza hemagglutinin gene 
(2) whereas genotyping was done by conventional PCR for the HRSV G gene (22) 
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TaWe 15. Evaluation of the multiplex PCR respiratory assay for detection of 
influenza A (Flu A) virus. 







Antigenic test 


FluAM2 






(Directigen Flu A+B) 


PCR assay * 






(11 = 172) 


(n = 27) 






+ 




Multiplex PCR 




17 25 


22 3 






2 128 


0 2 



5 Sensitivity: 39/39 = 1 00% 

Specificity: 130/133 - 97.7% 

Positive predictive value: 39/42 = 92.8% 

Negative predictive value: 130/130 - 100% 

a Only performed for samples showing discordant results with the 

10 multiplex PCR assay and the antigenic test 
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Table 16: Evaluation of discordant test results for influenza A (Flu A) virus. 



Sample No. 


Multiplex PCR 


AntlPfiTli r f nc+ 


TvT7 'Pl^D 


other JPCR- 




Flu A results (Cr) a 




jp iu a results 


amplificd 
viruses b 


16 




J_ 
T 




HRSV 


23 


\ J 




+ 




OA 




> 

+ 


■ 


HRSV 


77 






+ 


HRSV 


j j 






+ 


HRSV 


36 






+ 










+ 






+(36) . 


* 


+ 


HRSV 


A A 






+ 






+(34) 




+ 










+ 


HRSV 


103 


+(35) 


— 


+ 






+(^d; 




+ 




114 

1 1*T 










118 






+ 


HRSV 


120 






i 


HRSV 


125 


W*-v 




+ 




130 


+(35) 




+ 


HRSV 


131 


+(36) 








132 


+(24) 




+ 


HRSV 


134 


+(36) 










+(28) 




+ " 




f52 


+(34) 




+ 




1158 


+(32) 




+ 




lj60 


+(33) 




+ 


HRSV 


61 


+(2S) 




+ 


HRSV 


1163 

' Cycle mreshol 


+(32) 

d value as determined "bvL 


iah-tC.vr\r>T 


+ 





b Viruses amplified by the multiplex PC* assay j. e. influx (Flu) A and B as well as the human ' 
respiratory syncytial virus (HRSV). 
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Table 1 7-' Evaluation of the multiplex PCR respiratory assay for detection of 
hurnan respiratory syncytial virus (HRSV). 

Antigenic test HRSV gG 

(RSV TcstPack) 1?CR assays" 

(n~204) tn = 32) 

+ - + 

Multiplex PGR + 83 21 '20 1 
^ " : 11 89 6 5_ 

5 . Sensitivity: 103/109 - 94.5% 

Specificity: 94/95 = 98.9% 
Positive predictive value: 103/104 99.0% 
Negative predictive value; 94/100 -94.0% 

10 a Only performed for samples showing discordant results with the multiplex PCR 
assay arid the antigenic test 
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Table 18: Evaluation of discordant test results for human respiratory syncytial 
virus (HRSV). 



Sample No. 


Multiplex PCR . 


Antigenic test 


Giycoprctein G PCR 


Other PCR- 




HRSV results (C T ) fl 


HRSV results 


HRSV 
results (genotype) 


ampiified yiruses b 


16 


+(32) 


• 


+ (B) 




17 


-K27). 




+ (B) 




26 


+(36) 




+ (B) 




34 


- 


4- 






35 


+(33) 


m 


+ (F) 


I 1U XT. 


43 


+(36) 




w 




46 


+(34) 




+ CB) 




55 


+(34) 




+ (B) 




58 


+(33) 


— 


v-v 




62 




+ 




Bin A 


70 


+(37) 


_ 


+ (B) 




• 71 


+(35) 


- 


+ (B) 




72 


+(34) 


- 


+ (B) 




73 


+(26) 


- 


+ (A) 




79 


+(33) 


- 


• +(B) 




SO 


1 


4- 


_ 




91 


1 +(35) 


- 


+ (A) 




95 


! +(29) 


- 


+ (B) 




100 


+(30) 


- 


+ (A) 




112 










129 


i +(34) 




+ (B) 




130 


! +(35) 




+ (B) 


Flu A 


134 


i 




+ (A) 


Flu A 


139 




+■ 


+ (A) 




142 


i « 

i 


+• 


+ (A) 


FluA 


144 


1 


4- 


+ (B) 


Flu A 


150 


+(34) 








187 


+(31) 




+ (A) 




191 


+(29) 




+ (A) 
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Table IS: Evaluation of discordant test results for human respiratory syncytial 
vims (HRSV). (Continued). 

193 - + +(A) 

211 - + 

212 : + : 

8 Cycle threshold value as determined by Lightcycler. 

b Viruses amplified by the multiplex PCR assay i. e. influenza (Flu) A and B as well 
as the human respiratory syncytial virus (HRSV). 
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CLAIMS: 

1- A method for detecting and/or quantifying human metapneumovirus (hMPV) 
in a sample said method comprising: 

-providing at least one probe or primer specific for a nucleic acid sequence of 
5 saidrMPV; 

-contacting said at least one probe and/or primer with said sample to allow 
annealing of said probe and/or primer with said nucleic acid sequence; and 

-detecting and/or quantifying said nucleic acid sequence using said annealed 
probe and/or primei. 

.0 

2- Tht method as claimed in claim 1 wherein said nucleic acid sequence is 
comprised in a hMPV gene selected from a group consisting of nucleocapsid (N), 
phosphoprotctn (P)j matrix (M), fusion (F), membrane (M2), polymerase (L), 
glycoprotein (G) and small hydrophobic (SH) genes. 

L5 

3- The method as claimed in claim 2 wherein said nucleic acid sequence is 
selectee from any one of SEQ ID "NO 2-3, 10-74, 76-90 or fragments thereof- 

4- The method as claimed in claim 3 wherein said probe or primer is at least 10 
2 0 nucleotides in length. 

5- A method for detecting and/or quantifying human metapneumovirus (hMPV) 
in a sample said method comprising: 

25 -performing reverse transcription using a template RNA derived from said 

sample to obtain a nucleic acid product; 

-amplifying said nucleic acid product using a pair of oligonucleotide Ttfimers 
wherein said primers are specific for a sequence comprised in a hMPV gene selected 
from a group consisting of nucleocapsid (N), phosphoprotein (P), matrix (M), fusion 
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(F), membrane (M2), polymerase (L), glycoprotein (G) and small hydrophobic (SH) 
gen&s to produce an amplification product; and 

-detecting and/or quantifying said amplification product 

5 6- The method as claimed in claim 5 wherein said oligonucleotide primers are at 
least 10 nucleotides in length and capable of hybridizing with any one of SEQ ID 2-8, 
10-74, 76-90. 

7- The method as claimed in claim 5 or 6 wherein said step of performing reverse 
LO transcription comprises contacting said template RNA with a primer selected from 

SEQ ID Nos 91-114 and wherein said oligonucleotide primers for PCR are selected 
from SEQ ID Nos 91-114. 

8- The method as claimed in any one of claim 5-7 wherein said oligonucleotide 
15 primers are pairs of primers selected from SEQ ID Nos 91 and 94, 92 and 94, 91 and 

93, 97 and 99, 97 and 98, 100 and 101, 102 and 103, 104 and 107, 105 and 106, 108 
and 109, 112 and 113 and 112 and 114. 

9- The method as claimed in claim 5 wherein said template RNA is contacted 
2 0 with primer selected from SEQ ID NO 91-94 and 112-114 and wherein said 

oligonucleotide primers are selected from SEQ ID NO 91-94 and 1 12-1 14. 

10- The method as claimed in 'any one of claim 5-9 wherein said step of 
amplifying is performed using PCR. 

1 1- The method as claimed in claim 1 0 wherein said PCR is RT-PCR. 

12- The method as claimed in claim 11 wherein said RT-PCR is real time RT- 
PCR, 

30 
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.13- The method as claimed in claim II or 12 wherein said RT-PCR comprises 
detecting said amplification products by characteristic melting temperature of said 
amplification products. 

5 14- . The method as claimed in claim 11 or 12 wherein said RT-PCR comprises 
detecting and/or quantifying said amplification products with probes specific for said 
products. 

1 5- The method, as claimed in claim 14 wherein said probes, are selected from SEQ 
10. ID no 115-129. 

16- A composition for detecting a hMJPV said composition comprising a 
combination of oligonucleotides for performing reverse transcription of a template 
RNA from said hMFV virus and for an amplification reaction of a product obtained 

L5 from said reverse transcription wherein said oligonucleotides for said amplification 
reaction are specific for a sequence comprised in a hMPV gene selected from a group 
consisting of miclcocapsid (N)> phosphoprotein (P), matrix (M), fusion (F), membrane 
(M2), polymerase (L), glycoprotein (G) and small hydrophobic (SH) genes, 

2 0 17- The composition of claim 16 wherein said oligonucleotides for said 
amplification reaction are primers selected from the group comprising SEQ ID Nos 
91-i 14 and combination thereof. 

18- A kit comprising a combination of oligonucleotides wherein the oligonucleotides 

2 5 are -selected from: 

SEQ ID NOs; 91-1 14 and the pairs of SEQ ID Nos 91 and 94, : 92 and 94, 91 
and 93, 97 and 99, 97 and 98, 100 and 101, 102 and 103, 104 and 107L 105 and 106, 
108 and 109, 1 12 and 1 13 and 112 and 1 14. 

3 0 19- A method for typing an hMPV strain which comprises the steps of: 
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-amplifying an hMPV nucleic acid fragment and detecting specific viral 
sequences; 

-digesting said fragment with one or more restriction endonuclease; and 
-analysing the restriction fragment length polymorphisms. 

5 " 

20- The method as claimed in claim 19 wherein said nucleotide sequences are • 
found in rusion(F) or glycoprotein (G) gene. 

21- The method as claimed in claim 20 wherein said sequences are selected from 
10 SEQ ID NO 26-74. 

22- A method for detecting and/or quantifying two or more respiratory viruses in a 
sample said method comprising: 

-providing at least two probes and/or primers specific for a nucleic acid 
15 s e qu cnces in sal d two or more respiratory viruses; 

-contacting said at least two probes and/or primers with Sftid sample to allow 
annealing of said probes and/or primers with said nucleic acid sequences; and 

►detecting and/or quantifying said nucleic acid sequences using said annealed 
probes and/or primers. 

20 

23- The method as claimed in claim 22 wherein at least one of said nucleic acid 
sequences is comprised in a hMPV gene selected from a group consisting of 
nuclcocapsid (N), phosphoprotein (P), matrix (M), fusion (F), membrane -(M2), 
polymerase (L), glycoprotein (G) and small hydrophobic (SH) genes, 

25 

24- The method as claimed in claim 23 wherein said nucleic acid sequence is 
selected from any one of SEQ ID NO 2-8, 10-74, 76-90 or fragments thereof. 

25- The method as claimed in claim 24 wherein said probes and/or primers are at 
30 least 10 nucleotides in length. 
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26- A method for detecting and/or quantifying two or more respi ratory viruses in a 
sample said method comprising: 

5 -performing reverse transcription using a template KNA derived from said 

sample to obtain nucleic acid products for each of said viruses; 

-amplifying said nucleic acid products using two or more pairs of 
oligonucleotide primers to produce an amplification product; and 

-detecting anoVor quantifying said amplification products. 

10 

27- The method as claimed in claim 26* wherein at least one of said primers is 
specific for a sequence comprised in a hMPY gene selected from a group consisting 
of nucleocapsid (N), phosphoprotein (P), matrix (M), fusion (F), membrane (M2), 
polymerase (L), glycoprotein (G) and small hydrophobic (SH) genes. 

15 

28- The method as claimed in claim 27 wherein said oligonucleotide primers 
specific for a sequence comprised in a hMPV gene are capable of hybridizing with 
any one of SEQ ID 2-8, 10-74, 76-90. 

20 

29- The method as claimed in claim 28 wherein said oligonucleotide primers are at 
least 1 0 nucleotides in length. 

30- The method as claimed in claim 29 wherein said oligonucleotide primer 
25 specific for a sequence comprised in a hMPV gene are selected from SEQ ID Nos 91- 

114. 

31- The method as claimed in any one of claim 26-30 wherein said at least two 
respiratory viruses comprise influenza A and B, human respiratory syncytial viruses A 

■30 and B, parainfluenza viruses (FIV) types 1-4, adenoviruses, ihmoviruses, 
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enteroviruses and coronaviruses or any combination thereof and wherein said primers 
and said two or more viruses are selected such that the detection and or quantification 
is specific for each of said viruses. 

5 32- The method as claimed in claim 3 1 wherein said oligonucleotide primers are at 
least 10 nucleotides in length and capable of hybridizing with any one of SEQ ID NO 
130-138 and 170-171. 

i 

33- . The method as claimed in claim 3 1 or 32 wherein said at least two viruses are 
10 influenza A, human Respiratory syncytial virus, human metapneumovirus and 

influenza B. 

34- The method as claimed in claim 31 or 32 wherein said at least two viruses are 
Parainfluenza I, Rlnnovinis, Adenovirus, Parainfluenza 3, Enterovirus, and 

15 coronavirus, 

35- The method as claimed in claim 31 wherein said pairs of oligonucleotide 
primers are selected from SEQ ID Nos 139 and 140, 141 and 142, 143 and 144, 92 
and 94, 112 and 113, 112 and 114, 145 and 146, 147 and 148, 149 and 150, 151 and 

2 0 152, 154 and 155, 153 and 155, 156 and 157, 158 arid 159,160 and 161. 

36- The method as claimed in any one of claim .26-35 wherein said step of 
amplifying is performed using PCR and said primer are selected such that the 
products of the amplifications can be distinguished, 

25 

37- The method as claimed hi claim 36 wherein said PCR is RT-PCR 

38- The method as claimed in claim 37 wherein said RT-PCR is real time RT- 
PCR. 

30 
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39- The method as claimed in claim 37 or 38 wherein said RT-PCR comprises 
detecting Said amplification products by characteristic melting temperature of said 
amplification products. 

5 40- The method as claimed in claim 37 or 38 wherein said RT-PCR comprises 
detecting and/or quantifying said amplification products with probes specific for said 
products. 

41- The method as claimed in claim 40 wherein said probes are selected from SEQ 
10 ID no 162-169 and 172. 

42- A composition for detecting at least two respiratory viruses said viruses 
comprising at least hMPV said composition comprising a combination of 
oligonucleotides for performing reverse transcription of a template !RNA from said at 

15 least two respiratory viruses and for an amplification reaction of a product obtained 
from said reverse transcription wherein said oligonucleotides for said amplification 
reaction comprise oligonucleotides specific for a sequence comprised in a hMPV gene 
selected from a group consisting of nucleocapsid (N), phosphoprotein (P), matrix (M), 
fusion (F), membrane (M2), polymerase (L), glycoprotein (G) and small hydrophobic 

20 (SH) genes, 

43- The composition of claim 42 wherein said oligonucleotides for said 
amplification reaction are primers selected from the group comprising SEQ ID Nos 
91-1 14 and combination thereof. 

25 

44- A method for simultaneously detecting two or more respiratory tract viruses ia 
a sample, said method comprising: 
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Selecting primers specific foi a nucleic acid sequence in each of said 
two or more viruses, said primers to be used in an amplification reaction for detection 
of said nucleic acid sequences; 

5 distributing said primers in one or more assay mixture comprising said 

sample and at least two pairs of pri rners; and 

wherein said selecting and said distributing is based on said detection of said nucleic 
acid sequence of said two or more viruses being substantially free of overlap and 
1 0 enabling to distinguish between said two or more viruses. 

45- The method as claimed in claim 44 wherein said amplification reaction is 
PCR. 

15'-. 

46- The method as claimed in claim 45 wherein said PCR is RT-PCR- 

47- The method as claimed in claim 45 wherein said RT-PCR is real time RT- 
PCR. 

20 . . 

48- The method as claimed in claim 24 wherein said detection is melting 
temperature. 

49- An isolated nucleic acid comprising a sequence that hybridizes under stringent 
25 . conditions to a hybridization probe the nucleotide sequence of which consists of any 

one of SEQ ID NO 2-8, 10-74, 76-90 or complements thereof. 

50- A kit comprising a nucleic acid probe that is at least 10 nucleotides in length and 
is selected from a group consisting sequences hybridizable to SEQ ID Nos 2-S, 10-74, 

3D 76-90 or fragments thereof. 
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51- A human rnetapneumovinis (hMFY) deposited with ihe International Depository 
Authority of Canada under Accession number IDAC 111203-01 (CAN97-S3). 

5 52- A human tnetapneumovirus (hMPV) deposited with the International 
Depository Authority of Canada under Accession number IDAC 1 1 1203-02 (CAN98- 
75). 
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SEQUENCE LISTING 

<110> Boivin, Guy 

<120> METHOD FOR DETECTING RESPIRATORY VIRUSE5 



<130> 6013-148PCT 

<150> CA 2,411,264 
<151> 2002-12-19 

<150> CA 2,418,004 
<151> 2003-01-24 

<160> 172 

<170> FasxSEQ for Windows Version 4.0 

<210> 1 
<211> 13350 
<212> DNA 

<213> human metapneumovi rus 

<220> 

<221> gene 

<222> CD ... (13450) 

<223> human metapneumovi rus, strain 00-1 
Accession number af 3 71337 

<4D0> 1 

gtataaatta gattccaaaa aaatatggga eaagtgaaaa 

ctgagtgatt tatcatacaa gcaxgctaxa ttaaaagagt 

gatgxgggta caacaactgc agtgacaccc xcatcaxxgc 

tgtggagaaa ttctgtatgc taaacatgct gactacaaax 

caaxaxatta gcacagctxt aggatcagag agagtgcagc 

agxgaagxcc aagtggtcxx aaccagaacg tactctctgg 

ggagaagaxx tacagatgtr agacatacac ggggtagaga 

gacaaagaag caaggaaaac aatggcaacc ttgcttaagg 

caaaatcaga ggccctcagc accagacaca cccaxaatcx 

atattcacxa aactagcatc aaccatagaa gtgggactag 

aaccgtgxac taagtgaxgc actcaagaga xaccctagaa 

agatccttct atgacttatt tgaacaaaaa gtgtatcaca 

ggcaaagcat taggcxcatc atctacaggc agcaaagcag 

txcatgcaag cttatggggc cggtcaaaca atgctaaggx 

tccaacaata xaaxgtxagg acargtatcc gtccaagctg 

gtctatgact tggtgcgaga aatgggccct gaatctggac 

ccaaaagctg gactgttatc actagccaac tgtcccaact 

aatgccxcag gcttaggcat aatcggtatg tatcgaggga 

xttxcagcag ctgaaagtxa tgccaaaagx ttgaaagaaa 

tcattaggac ttacagatga agagaaagag gctgcagaac 

gacagtcaaa atgattatga gtaattaaaa aagtgggaca 

aaggaaaaga tattcttttc atgggxaatg aagcagcaaa 

aaxcattaag aaaaccaggt caxaaaagat ctcaatctat 

ctgtatcaga aacattggaa ttacctacta tcagxagacc 

cagaaccaaa gttagcatgg acagataaag gtggggcaac 

caatcaaagt catggatccc attgaagaag aagagtctac 

ccagtgatgg gaaaacccct gcagaaaaga aactgaaacc 

aggtttcatt xacaccaaat gaaccaggga aatatacaaa 

attxgctcxc agataatgaa gaagaagaxg cagaatcxxc 

gagatacttc atcartaagc attgaggcca gattggaatc 

tgatattagg gctatrtaaga acactcaaca txgctacagc 

axgggatcag agatgcaatg attggcgtaa gagaggaatx 

aagcxaaagg gaaagcagca gaaatgatgg aagaggaaat 

gaaatggtag xgtaaaatta acagaaaaag caaaagagct 

aaagcacaag xggagaatcc gaagaagaag aagaaccaaa 

aagaaoatga catttaccag txaatrtaxgt agtttaataa 

aaaaatggag xcctacctag tagacaccta tcaaggcatt 

agtxgaxcta atagaaaagg acctgttacc tgcaagccta 

tcaggccaac acaccaccag cagtgctgct cgatcagcta 

tctgxatgcx gcarcacaaa atggtccaat actcaaagtg 



tgtctcttca agggattcac 60 

ctcagtacac aataaaaaga 120 

aacaagaaat aacactgttg ISO 

atgcrgcaga aataggaata 240 

agattctgag gaactcaggc 300 

ggaaaattaa aaacaataaa 360 

agagcxgggt agaagagata 420 

aaxcatcagg taaxatccca 480 

tattatgtgt aggtgcctta 540 

agaccacagt cagaagggct 600 

tggacatacc aaagattgcc 660 

gaagrttgtt cattgagtat 720 

aaagtctatt xgttaaxata 780 

99ggggtcat tgccaggtca . 840 

agttaaaaca ggtcacagaa 900 

ttctacattt aaggcaaagc 960 

ttgcaagtgt tgttctcgga 1020 

gagtaccaaa cacagaatta 1080 

gcaaxaaaax aaatttctct 1140 

atttettaaa tgtgagtgac 1200 

agtcaaaatg tcattccctg 1260 

attagcagaa gctttccaga 1320 

taxaggagaa aaagtgaaxa 1380 

tgcaaaacca accataccgt 1440 

caaaactgaa ataaagcaag 1500 

cgagaagaag gtgctaccct 1560 

atcaactaac accaaaaaga 1620 

gxtggaaaaa gatgctctag 1680 

aatcttaacc xxtgaagaaa 1740 

aaxagaggag aaattaagca 1800 

aggacccaca gcagcaagag I860 

aatagcagac ataataaagg 1920 

gagtcaacga xcaaaaatag 1980 

caacaaaatt gttgaagatg 2040 

agacacacaa gacaatagtc 2100 

aaataaacaa xgggacaagt 2160 

ccttacacag cagcxgttca 2220 

acaatatggt tccctttgtt 2280 

aaaaccctga caataaccac 2340 

aaxgcatcag cccaaggxgc 2400 
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agcaaxgtcx gtacttccca aaaaaxxxga agtcaaxgcg actgtagcac tcgatgaaxa 2460 

tagcaaactg gaattxgaca aactcacagt ctgtgaagta aaaacagttt acxxaacaac 2520 

eatgaaacca tacgggatgg tatcaaaatx tgtgagctca gccaaaxcag ttggcaaaaa .25BO 

aacacatgat ccaatcgcac tatgtgattt tatggatcta gaaaagaaca cacctgxxac 2640 

aataccagca xtcatcaaax cagtttcaat caaagagagt gagtcagcta ctgttgaagc 2700 

tgctataagc agxgaagcag accaagcxct aacacaggcc aaaattgcac cxxatgcggg 2760 

axxaatxaxg axcatgacxa tgaacaatcc caaaggcata ttcaaaaagc ttggagctgg 2820 

gacxcaagxc atagtagaac taggageaxa tgxccaggcr gaaagcaxaa gcaaaaxatg 2880 

caagacxxgg agccaxcaag ggacaagata tgtcttgaag tccagataac aaccaagcac 2940 

cttggccaag agctactaac cctatcxcax agatcaxaaa gtcaccattc xagtxaxata 3000 

aaaatcaagt tagaacaaga atxaaatxaa tcaagaacgg gacaaataaa aaxgtctxgg 3060 

aaagtggtga tcatrttttc artgttaata- acaccxcaac acggtcttaa agagagcxac 3120 

ttagaagagt catgtagcac xaxaacxgaa ggatatctca gxgxtcxgag gacaggtrcgg 3180 

tacaccaatg xxxttacact ggaggxaggc gaxgtagaga accxxacaxg xgccgatgga 3240 

cccagcttaa taaaaacaga attagacctg acxaaaagtg cactaagaga gctcagaaca 3300 

gxxtcxgctg atcaactggc aagagaggag caaattgaaa atcccagaca axcragaxxc. 3360 

gttctaggag caatagcact cggtgttgca actgcagctg cagttacagc aggtgtrgca 3420 

attgccaaaa ccatccggcx tgaaagtgaa gtaacagcaa xxaagaaxgc cctcaaaaag 3480 

accaaxgaag cagtatctac axxggggaat ggagttcgtg tgttggcaac tgcagtgaga 3540 

gagctgaaag avcttgtgag caagaatcxa acacgxgcaa xcaacaaaaa caagtgcgac 3600- 

attgctgacc tgaaaatggc cgttagcttc agtcaatxca acagaaggtx cctaaatgtx 3660 

gtgcggcaat xttcagacaa cgctggaaxa acaccagcaa xatctxtgga cxtaatgaca 3720 

gaxgctgaac xagccagagc tgttxccaac atgccaacar ctgcaggaca aataaaactg 3780 

atgxxggaga accgtgcaat ggxaagaaga aaagggttcg gattcctgat aggagtxtac 3840 

ggaagctccg xaatttacax ggtgcaactg ccaatctttg gggttaxaga cacgccxxgc 3900 

xggatagtaa aagcagcccc ttctxgttca ggaaaaaagg gaaactatgc ttgcctctta 3960 

agagaagacc aaggatggta ttgtcaaaax gcagggtcaa ctgtxtacta cccaaatgaa . 4020 

aaagactgxg aaacaagagg agaccatgtc tttxgcgaca cagcagcagg aaxcaatgtx 4080 

gctgagcagx caaaggagxg caacataaac atatcxacta ctaattaccc atgcaaagtt 4140 

agcacaggaa gacatcctat cagxaxggtt gc'actatcxc ctctxggggc xxxggxtgct 4200 

xgctacaagg gagxgagctg xtccatxggc agcaacagag xagggaxcat caagcaactg 4260 

aacaaaggcx gctctxatat aaccaaccaa gacgcagaca cagxgacaax agacaacact 4320 

qxaxaccagc xaagcaaagx tgaaggcgaa cagcatgtta xaaaaggaag gccagtgtca 4380 

agcagctxxg acccagtcaa gxttcctgaa gatcaaxxca axgttgcacx xgaccaagxx 4440 

ttcqagagca xxgagaacag xcaggccttg gtggatcaa± caaacagaat ccxaagcagt 4500 

qcagagaaag gaaacactgg ctxcatcatx gtaataattc taaxxgctgx ccttggcxct 4560 

accatgatcc xagxgagxgt tttxaxcata axaaagaaaa caaagaaacc cacaggagca 4620 

-cctccagagc tgagtggtgx cacaaacaat ggcxxcatac cacataatxa gtxaaxxaaa 4680 

aataaagtaa attaaaataa axxaaaaxta aaaataaaaa tttgggacaa axcaxaaxgx 4740 

cxcgcaaggc xccgtgcaaa tatgaagtgc ggggcaaatg caatagagga agxgagtgca 4800 

agtttaacca caaxtactgg agxtggccag atagatactx axtaataaga tcaaatxatt 4860 

xattaaaxca actxxxaagg aacactgaxa gagctgatgg ctxatcaata axaxeaggag 4920 

caqgcagaga agataggaca caagatxttg xccxaggtxc caccaatgtg gxxcaaggxx 4980 

atatxgatga xaaccaaagc ataacaaaag etgcagccxg xtacagtcta cataatataa 5040 

xcaaacaacx acaagaagtt gaagttaggc aggctagaga taacaaacta xctgacagca 5100 

aacaxgxagc acttcacaac xtagtcctat ctxatatgga gatgagcaaa acxcctgcax. 5160 

cxttaatcaa caatcxcaag agactgccga gagagaaacx gaaaaaatta gcaaagcxca 5220 

taatxgactt axcagcaggx gctgaaaatg acxcttcata xgccttgcaa gacagtgaaa 5280 

gcactaaxca agtgcagtga gcaxggtcca gxxxtcaxxa ctatagaggt xgatgacaxg 5340 

atatqgactc acaaggactx aaaagaagct ttatctgatg ggatagxgaa gtcxcatact 5400 

aacaxxtaca attgxtaxxt agaaaacaxa gaaaxxaxax atgxcaaggc xtacttaagt 5460 

tagtaaaaac acatcagagx gggataaaxg acaaxgataa caxtagatgt caxxaaaagt 5520 

gaxgggtcxx caaaaacaxg xactcaccxc aaaaaaataa xxaaagacca ctctggxaaa 5580 

gtgcxtatxg xacttaagtt aaxattagcx xtactaacax ttcxcacagx aacaaxcacc 5640 

atcaaxxaxa xaaaagxgga aaacaatctg caaatatgcc agtcaaaaac xgaatcagac 5700 

aaaaaggacx caxcatcaaa xaccacaxca gtcacaacca agactactct aaaxcaxgax . 5760 

atcacacagx attttaaaag xxxgattcaa aggtatacaa acxctgcaax aaacagxgac 5820 

acatgcxgga aaataaacag aaatcaatgc acaaatataa caacaxacaa axxxtxatgx 5880 

xtraaaxcxg aagacacaaa aaccaacaax tgtgaxaaac tgacagaxxx axgcagaaae 5940 

aaaccaaaac cagcagttgg agtgtaxcat axagxagaax gccaxxgtat atacacagxx 6000 

aaaxggaagx gctatcatxa cccaaccgax gaaacccaax ccxaaatgxt aacaccagat 6060 

xaggatccat ccaagtctgx xagtxcaaca axxxagttax xxaaaaatat xttgaaaaca 6120 

agxaagtttc tatgaxacxt caxaataaxa agtaaxaaXx aaxxgctxaa tcaxcaxcac 6180 

aacatxaxxc gaaaccataa ctaxxcaatt xaaaaagtaa aaaacaataa caxgggacaa 6240 

gtagxxatgg aggtgaaagt ggagaacaxx cgaacaaxag axatgctcaa agcaagagta 6300 

aaaaatcgtg xggcacgcag caaaxgctxx aaaaatgccx cttxggxcct caxaggaaxa 6360 

actacaxtga gxatxgcccx caaxaxctax ctgatcaxaa acxaxaaaax gcaaaaaaac 6420 

acatctgaat cagaacatca caccagcxca xcacccaxgg aaxccagcag agaaactcca 6480 

acggxcccca cagacaacxc agacaccaac tcaagcccac agcaxccaac xcaacagtcc 6540 

acagaaggct ccacactcxa ctttgcagcc tcagcaagcx caccagagad agaaccaaca 6600 

tcaacaccag atacaacaaa ccgcccgccc ttcgtcgaca cacacacaac accaccaagc 6660 

gcaagcagaa caaagacaag tccggcagtc cacacaaaaa acaacccaag gacaagcxct 6720 
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SSra SS2253 f^caacgaca.aggacggcac gcagaaccac cactctccgc B7B0 

acaagcagca caagaaagag accgtccaca gcatcagtcc aacctgacat caacacaaea Z*ln 

SSSSlE Wccagcg SgcccaSS catcr|caag Sgg£5g 6900 

lalaSlt Sc?r?f| Sg5£?S3 tcaacaacat acaa c Saaa? xagttaacla 6960 

aaaapjcaaa axaactcxaa gataaaccat gcagacacca acaatqqaqa aaccaaaaaa 7von 

caattcacaa tctccctaaa aaggcaacaa caecatatta gcxctgccca aatctccrtS 70S0 

gaaaaaacac tcgcccatat accaaaaata ccacaaccac cccaagaaaa aaactgqgca 7140 

*£$E2£ ataacaat 99 atcctctcaa tgaatccact gt?aatg?rt 7200 

atcttcctga etcatatctt aaaggagtga tttcctttag tgagactaat gcaattlwtt 7260 

c ^?tctctt aaaaagacct tacctaaala atgacaacac tgcaaaagxt gccatagagl 7320 

a £ actcaaaa «gcagtcaa ttcxaagatg Laataxcag 7380 

attacaagat agtagagcea gtaaacatgc aacatgaaat tatgaagaat gtacacagtr 7440 

gtgagctcac attattaaaa cagtttttaa caaggagxaa aaatattagc actctcaaat 7500 

S2SSJB SPSS"" WtaSaw agatgatacc tcaatcrtaa 7560 

gttttataga tgxagaattt atacctagct gggtaagcaa ttggtttagt aatxgctaca 7620 

atctcaacaa gttgattctg gaattcagga aagaagaagt aaxaagaact gqttclatct 7680 

tgtgtaggtc attgggxaaa ttagtttttg ttgtatcatc ataxggatgt aragtcaaga 7740 

gcaacaaaag caaaagagtg agcttcttca catacaatca actgttaaca tgglaagatg. 7800 

tgatgtxaag tagattcaat gcaaatrttt gtatatgggt aagcaacagt ctgaatgaaa 7860 

atcaagaagg gcxagggxtg agaagtaaxc tgcaaggcat attaactaat aagctatatg 7920 

aaactgtaga ttatatgctt agtxxatgtt gcaatgaagg tttctcactt gtglalgaot 7980 

tcgaaggctt tattatgagt gaaattctta ggaxxactga acatgctcaa ttcagtacta 8040 

gaxxxagaaa tactttatta aatggattaa ctgatcaatt aacaaaatta aaaaataaaa 8100 

acagactcag agttcatggt accgxgttag aaaataatga xxaxccaatg tacgaaqxxq 8160 

xacrtaagtt arxaggagax actttgagax gtattaaaxx attaaxcaat aaaaacttag 8220 

agaaxgcxgc tgaattatac xaxatattta gaarattcgg tcacccaaxg gtagaxgaaa 8280 

gagatgcaat ggaxgctgtc aaaxxaaaca atgaaatcac aaaaatcctt agglgggaqa 8340 

gcxtgacaga actaagaggg gcattcaxar taaggatxat caaaggattt gtagacaaca 8400 

acaaaagatg gcccaaaatx aaaaacttaa aagtgcttag taagagatgg actatgtact 8460 

tcaaagcaaa aagxxacccc agxcaacttg aaxtaagcga acaagatttt xtagagcttg 8520 

cxgeaaxaca gtxtgaacaa gagtxtxctg tcccxgaaaa aaccaacctt gagatogtat 8580 

xaaatgataa agctatatca cctcctaaaa gattaataxg gtctgtgtat ccaaaaaaxt 8640 

acxxacctg^ gaaaataaaa aatcgatatc xagaagagac xxtcaatgca agtgatagxc 8700 

tcaaaacaag aagagtacta gagractatt tgaaagataa taaaxtcgac caaaaagaac 8760 

Ttaaaagrta xgrtgtrtaaa caagaataxx taaatgataa ggatcaxaxx gtctcgcxaa 8820 

ctggaaaaga aagagaatta agtgxaggta gaaxgtttgc taxgcaacca ggaaaacagc 88B0 

gacaaaxaca aatattggct gaaaaatxgx tagctgataa Xattgtaccx tttttcccag 8940 

aaaccxtaac aaagtatggt gaxctagatc xxcagagaat aaxggaaatc aaatcggaac 9000 

xttcxxcxat taaaactaga agaaaxgata gttaxaaxaa ttacaxtgca agagcatcca 9060 

xagtaacaga tttaagxaag ttcaaccaag cctttaggxa tgaaactaca gcgatctgtg 9120 

cggaxgtagc agatgaacta caxg.gaacac aaagcctatt ctgxxggtta caxcttatcg 9180 

tcccxaxgac aacaatgata tg.tgccxata gacatgcacc accagaaaca aaaggtgaax 9240 

atgatataga taagatagaa gagcaaagtg gtttatatag axarcatatg ggtggtattg 9300 

aaggarggtg xcaaaaactc xggacaatgg aagctatatc tctattagat gtxgtatctg 9360 

-taaaaacacg atgxcaaatg acatcxttat taaacggtga caaccaatca atagaxgxaa 9420 

gtaaaccagx taagttatcx gagggtttag atgaagtgaa agcagattax agcttggctg 9480 

xaaaaaxgxt aaaagaaata agagaxgcat acagaaatat aggccataaa cttaaagaag 9540 

gggaaacaxa tatatcaaga gaxctxcagt ttataagxaa ggtgatxcaa tctgaaggag 9600 

raaxgcaxcc xacccctata aaaaagatct xaagagtggg accatggata aacacaatat 9660 

tagaxgacat taaaaccagx gcagagxcaa tagggagxcx atgtcaggaa xtagaarxxa 9720 

ggggggaaag cataatagxx agtctgatat taaggaattx xxggctgxax aatttataca 9780 

xgcaxgaatc aaagcaacac ccccxagcag ggaagcagtt attcaaacaa ctaaataaaa 9840 

caxtaacatc agtgcagaga ttttttgaaa taaaaaagga aaatgaagta gtagatctax 9900 

ggaxgaacat accaatgcag txxggaggag gagatccagt agxcttctat agatctttct 9960 

atagaaggac ccctgatttt ttaactgaag caatcagtca tgtggaxatt ctgttaagaa 10020 

tatcagccaa cataagaaax gaagcgaaaa taagtttctx caaagccxta ctgtcaatag 10080 

aaaaaaaxga acgxgctaca cxgacaacac taaxgagaga tccxcaagct gxxggctcag 10140 

agcgacaagc aaaagtaaca agtgatatca atagaacagc agttaccagc atcttaagtc 10200 

tttcxccaaa xcaacttttc agcgaxagtg cxatacacta cagtagaaax gaagaaqaqq 10260 

xcggaatcat tgctgacaac ataacacctg tttaxcctca tggactgaga gttttgtatg 10320 

aatcattacc xxtteataaa gctgaaaaag ttgtgaatat gataxclgga acgaaatcca 10380 

taaccaactt arxacagaga acatctgcta xtaatggtga agatattgac agagctgtat 10440 

ccatgatgcx ggagaaccta ggattaxtat ctagaaxatx gxcagtagtt gxtgatagta 10500 

tagaaaxxcc aaccaaatet aaxggtaggc xgaxaxgttg xcagatatct agaacccxaa 10560 

gggagacatc atggaataax atggaaatag ttggagxaac axcccctagc atcactacat 10620 

S^SKFSS* ca ^ tat 9 c a acxagcxcxc atttgaaagg gaxaatcaxt gaaaagtrcca 10680 

gtacxgacag aactacaaga ggxcaaagag gtccaaagag cccttgggxa gggtcgagca 10740 

cxcaagagaa aaaattagxt ccXgtxtata acagacaaat tcxtxcaaaa caacaaagag 10800 

aacagctaga agcaattgga aaaatgagat gggtatataa agggacacca ggtttaagac 10860 

S a 5HSH aa H2H a 3 tX9 5 c^SSaagtt taggcantag xtacaaaxgt gtaaaacctt 10920 

xaxtaccxag gttxaxgagt gtaaatxxcc xacacaggtx axctgtcagx agtagaccxa 10980 

tggaattccc agcatcagrx ccagcttata gaacaacaaa ttaccatttt gacactagtc 11040 
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ctaxxaatca agcactaagx gagagaxxxg 
atgcaatcag cxgrggaatt agcataatga 
caaaacagxt agxxttaata cctcaattag 
ttcaagggaa attcaatxat aagcxagxag 
gtccagacaa aatagataxg ttaacactgg 
agaaaacaga tcagttcctg aacaagagag 
agtcxxxgxc agcagcgxta gcaxgxcatt 
aaaataatax tttcaagaaa gactggggxg 
acttcaaaat atxccxatgt gtctttaaaa 
ggaaaaacat taaagatgaa gatatagxag 
axaatacttt xtggagaatg ttcagcaagg 
•taatgttata tgaxgxaaaa xxxcxatcat 
ttaxagaaea gtxgagatca gctgagttgc 
-gtgaxctggt tgagaxcaag tcaattaaaa 
ttttaagaat aactgttttg aactatacag 
gaaagaagtt gatgtgtgax aatgcactax 
taactcaagt taxxgatcct acagaacaat 
ggctaaaaaa ttaxgacact agttcaaatt 
xgatactgtt gccatggcaa catgttaata 
gtaaagxxag tctaaaaaca tgeaxxggaa 
tgtactttat tggagaaggg gcaggaaatt 
acaxcaaatt tgtatacaga agtxxaaaag 
accagagagt tataggagaa ttaagcagga 
aaacaacaga tgcaactcaa aaaactcaxx 
ctttattaat aactttatgt gatgcagaat 
xaatxctatg gaggaaacat gxaxxaxcat 
tcxatxtart cgcaaagtat catgcxaaag 
gatcagtagc caccxxxatt atgcaaggta 
tcttaacact aggccaccac aacaatttac 
tgaaaatagc agtgtgtaat gaxttxtatg 
aagccaactg taaatcactx ttatcagggc 
atagacagag aaggttatta acactacaaa 
gtagcaaggt catagagtcx aaatggtxaa 
tagaacatax tttaaattct ccaaaaggtg 
' aaaatactta cccxaatatg attaaacxaa 
aactgaxcaa agtaactgga tatatgcttg 
xaaaataggt gacaacxtca tacxattcca 
tagxxaatta aaaacxaaaa atcaaaagtx 
aaaataagaa attataaxxg gatgxaxacg 
<211> 782 
<212> DNA 

<213> human mexapneumovi rus 
<220> 

<221> gene 
<222> C1D--.C782) 
<223> human mexapneumov-irus, 
hMPV-118 



ggaatgaaga 
gtgtagtaga 
aagaaataga 
ataagataac 
ggaaaaxgcx 
agaattatxx 
ggxgxgggat 
acgggtxcax 
cxaaacxttt 
atgaaxcaat 
xtatgtttga 
tagtaggxta 
axgaggtacc 
tctaxxtgca 
atatggcaca 
taactccgat 
tagcxtattt 
atgctaaagg 
gaxaxaactt 
aacttaxgaa 
ggatggccag 
atgaccxxga 
taatagatag 
gggatttgat 
xxaaggacag 
gcagaaxttg 
actgcaatgx 
gtaaactgtc 
cctgccatgg 
ctgcaaaaaa 
xaagaatacc 
gcaaccaxtc 
caaacaaggc 
aaxxaaaxxa 
tagataatcx 
xaagtaaaaa 
aagtaaxcax 
agaaactaac 



4/52 
tattaatttg 
acaaxtaact 
cattaxgcca 
txcxgatcaa 
catgcccact 
ccatgggaax 
axxaacagag 
atcggatcat 
axgragttgg 
agataaactg 
axcaaaggxx 
taragggtxx 
Xxggattgtc 
actgatagag 
xgexcxcaca 
xccatcccca 
cccxaagata 
aaagcxaaca 
XgXctttagx 
agatcxaaac 
aacagcatgt 
tcatcattat 
cggtgaaggg 
acacagagta 
agatgatttt 
cactacxtat 
aaaaxtacct 
aggctcagaa 
agaaaxacaa 
acttgacaat 
gaxaaataag 
txctgxagca 
aaacacaata 
tgattxttxt 
agggaaxgca 
axgaaaaaxg 
ttgattaxgc 
aacxgtcaxt 



gtctxccaaa 
ggxaggagxc 
ccaccagxgt 
catatctxca 
ataaaaggtc 
aaxcxxaxxg 
caatgxatag 
gct-cctatgg 
gggtcccaag 
xxaaggaxtg 
aagaaaagga 
aagaattggx 
aaxgccgaag 
caaagtxtax 
agatxaatca 
atggttaaxx 
acatttgaaa 
aggaaxxaca 
xcxacxggax 
cctaaagxxc 
gaaxatcctg 
ecttxggaax 
cxxtcaatgg 
agcaaagaxg 
txxaagatgg 
gggacagacc 
rtttttgtga 
xgctacatac 
aaxtcxaaga 
aaatctaxxg 
aaagaaxxaa 
acagttggag 
axxgaxxggx 
gaagcaxxag 
gagataaaaa 
ataaaaaxga 
aaxxatgtaa 
aagttxatta 



11100 

11160 

11220 

11280 

11340 

11400 

11460 

11520 

11580 

11640 

11700 

11760 

11820 

/L1880 

11940 

12000 

12O60 

12120 

12180 

12240 • 

12300 

12360 

12420 

12480 

12540 

12600 

12660 

12720 

12780 

12840 

12900 

12960 

13020 

13080 

13140 

13200 

13260 

13320 

133SO<210> 2 



strain Quebec isolate No 



<400> 2 

axgtaggcac 

gtggagagat 

aatatatxxg 

gxgaagttca 

gggaagagxt 

acaaagaggc 

aaaaccagag 

tattcacxaa 

acagagtgct 

gaxctxxcxa 

ggaaagcttt 

xxatgccagc 

cxaaxaatac 

St 



cacaactgca 
tctxxacact 
cacggctcxa 
ggxggxtcta 
gcaaaxgtta 
aagaaaaaca 
gcctxcagca 
actagcatca 
aagtgatgcg 
tgaactaxxt 
aggctcatcx 
ttatggagcc 
atxgctaggg 



gxgacacctt 
aaacaxactg 
ggatcagaaa 
accaagacat 
gatatacatg 
atggtgacxx 
ccagacacac 
acaaxagaag 
acxcaaagax 
gagcagaaag 
xcgacaggaa 
ggtcaaacaa 
caxgtatctg 



catcaxxgca 
attacaaata 
gagtacaaca 
acxcxxtagg 
gagtggaaaa 
Xgctaaagga 
caaxaatttt 
ttggacxaga 
accctagggt 
tgtaxxacag 
gcaaagcaga 
tgctaaggtg 
tgcaacctgg 



gcaagagata 
tgctgcagag 
gaxtxtaaga 
gaaaggtaaa 
gagtrtgggxa 
atcatcaggx 
axxaxgtgta 
gactacagxt 
agatatacca 
gagtcxattc 
aagtttgxxx 
999tgxcatt 
axttgaagca 



acacxxxxgt 
atagggaxac 
aattcaggca 
aatagtaaag 
gaagaaaxag 
aacatcccac 
ggxgctttaa 
agaagagcxa 
aagattgcta 
attgagtatg 
gtaaataxax 
gccagaxcat 
agtcacagag 



<210> 3 
<211> 878 
<212> DNA 

<213> human mexapneumovi rus 

<220> 
<221> gene 



60 
120 
180 
240 
300 
360 
420 
480 
540 
600 
660 
720 
780 
782 
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<222> CD.-.C878) 5/52 
<223> human metapneumovi rus , strain Quebec isolate No 
hMPV-174 

<400> 3 

atgtgggtac caccactgca gtgacaccct catcattgca acaagaaata acgctgttgt 60 

gtggagaaat tctgtatgct aaacatgctg attacaaata tgctgcagaa ataggaatac 120 

aatatattag cacagctrca ggatcagaga gagtgcagca gattctgagg aactcaggca 180 

gtgaagtcca agtggtctta accagaacgt actctctggg gaaagttaaa aacaataaag 240 

gagaagaxtt acagatgtta gacatacacg gggtagagaa gagctgggta gaagagatag 300 

acaaagaagc aaggaaaaca atggcaacct tgcttaagga atcatcaggt aatatcccgc 360 

aaaatcagag gccctcagca ccagacacac ccataatctt attatgtgta ggtgccttaa 420 

tatttactaa actagcatca accatagaag. tgggactaga gaccacagtc- agaagggcta 480 

accgtgtact aagtgatgca ctcaagagat accctagaat ggacatccca aaaattgcca 540 

gatccrtcta tgacttattt gaacaaaaag tgtatcacag aagtttgttc attgagtatg 600 

gcaaagcatt aggctcatca tctacaggca gcaaagcaga aagtctattt gttaatatat 660 

tcatgcaagc ttatggagcc ggtcaaacaa tgctaaggtg gggggtcatt gccaggtcat 720 

ccaacaatat aatgttatga catgtatccg tccaagctga gttaaacaca ggtcacagaa 780 

gtctatgacr tggtgcgaga aatgggtcct gaatctggac ttctacattt aaggcaaagc 840 

ccaaaagctg gactgtatca ctagccaact tcccaact ~ grs 

<Z10> 4 
<211> 876 
<212> DNA . 

<213> human metapneumovi rus 
<220> 

<221> gene 
<222> CD.-.C8765 

<223> human metapneumovi rus , strain Quabec isolate no 
hMPV-176 

<400> 4 

atgtaggccc cacaactgca gtgacaccct . cat cattgca gcaagagata acacttttgt 60 

gtggagagat tctttacact aaacatactg attacaaata tgctgcagag atagggatac 120 

aatatatttg cacggctcta ggatcagaaa gagtacaaca gattttaaga aattcaggta 180 

gtgaagttca ggtggttcta accaagacat actctttagg gaaaggtaaa aatagtaaag 240 

gggaagagtt gcaaatgtta gatatacatg gagtggaaaa gagttgggta gaagaaatag 300 

acaaagaggc aagaaagaca atggtgactt tgctaaagga atcatcaggt aacatcccac 360 

• aaaaccagag gccttcagca ccagacacac caataatttt attatgtgta ggtgcgttaa 420 

tattcactaa actagcatca acaatagaag ttggactaga gactacagtt agaagagcta 480 

acagagtgct aagtgatgcg ctcaaaagat accctagggt agatatacca aagattgcta 540 

gatcrcttta tgaactattt gagcagaaag tgrtattacag gagtctattc atxgagtatg 600 

gaaaagcttt aggctcatct tcaacaggaa gcaaagcaga aagtttgttt gtaaaxatat 660 

ttatgcaagc ttatggagcc ggtcaaacaa tgctaaggtg gggtgtcatt gccagatcat 720 

ctaacaacat aatgctaggg catgtatctg tgcaagctga* attgaaacaa gttacagagg 780 

tttatgattt ggtgagagaa atgggtcctg aatctgggct tttactctta agaacaagtc 840 

caaaggcagg actgttatcg tggctaatgc. cccaat ^ ~ 876 

<210> 5 
<2U> 869 
<212> DNA 

<213> human metapneumovi rus 
<220> 

<Z21> gene 
<222> CD. -.(8693 

<223> human metapneumovi rus , strain Qubec isolate No 
hMPV-193 ... 

<400> 5 . 

atgtgggtac aacaactgca gtgacaccct catcattgca acaagaaata acgctgttgt 60 

gtggagaaat tctgtatgct aaacatgctg attacaaata tgctgcagaa ataggaatac 120 

aatatattag cacagcttta ggatcagaga gagtgcagca gattctgagg aactcaggta 180 

gtgaagtcca agtggtctta accagaacgt actctctggg gaaagttaaa aacaataaag 240 

gagaagarct acagatgtta gacaracacg gggtagagaa gagctgggta gaagagatag 300 

acaaagaagc aaggaaaaca atggcaacct tgcttaagga atcatcaggt aatatcccac 360 

aaaatcagag gccctcagca ccagacacac ccataatctt attatgtgta ggtgccttaa 420 

tatttactaa gctagcatca accatagaag tgggactaga gaccacagtc agaagggcta 480 

accgtgtact aagtgatgca ctcaagagat accctagaat ggacatccca aaaattgcca 540 
gatccttcta tgacttattt gaacaaaaag tgtatcacag- aSgff tgttc attgagtatg ' 600 

gtaaagcatt aggatcatca tctacaggca gcaaagcaga aagtctattt gttaatatat 660 
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tcatqcaagc ttatggagcc ggtcaaacaa tgctaaggtg gggggtcatt gccaggtcat 
ccaacaatat aatgxtagga catgtatccg tccaaggctg agttaaaaca ggtcacagaa 
qtctatgact tggtgcgaga aaxgggtcct gaatctggac ttctacattt aaggcaaagc 
ccaaaagctg gactgttatc actagccaa 

<210> 6 
<211> 848 
<21Z> DNA 

<213> human metapneumovi rus 



720 
780 
840 
869 



<220> 
<Z22> gene 
<222> CD.-C848) 
<223> human metapneumovi rus , 
C-77807 



strain Quebec isolate No 



<400> 6 

atgtaggcac cacaactgca gtgacacctt catcattgca acaagaaata 
gtggggaaat tctttacact aaacacactg attacaaaxa tgctgctgag 
aatatatttg eacagctcta ggatcagaaa gagtacaaca gattttgaga 
gtgaagttca ggtggtttta accaaaacat actccttagg gaaaggcaaa 
gggaagagct gcagatgtta gatatacatg gagtggaaaa gagttgggta 
acaaagaggc aagaaagaca atggtaacrc tgcttaagga gtcaxcaggt 
aaaaccagag accttcagca ccagacacac caataatxxt attatgtgta 
tattcactaa actagcatca acaatagaag ttggattaga gactacagtt 
atagagtgct- aagtgatgca ctcaaaagat acectagggt agataxacca 
gatctrcxta tgaactattt gaacaaaaag tgtactacag aagtttattc 
gaaaagcttt aggctcatct tcaacaggaa gcaaagcaga aagtttgtrc 
ttatgcaagc xtatggagct ggtcaaacac tgctaaggtg gggtgtcatt 
ccaacaacat aatgctaggg catgtatctg tgcaatctga attgaagcaa 
tttatgactt ggtgagagaa atgggtcctg aaxctgggct tttacatcta 
caaaggca 

<210> 7 
<211> 894 
<212> PNA 

<213> human metapneumovi rus 

<220> 
<22l> gene 
<222> U)...(894) 
<223> human metapn eumovi rus , 
C-7774S 



acacttttgt 
ataggaatgc 
aactcaggta 
aacagtaaag 
gaagaaatag 
aacatcccac 
ggtgccctaa 
agaagagcta 
aagattgcta 
attgagtacg 
gxaaatatat 
gccagatcat 
ttcacagagg 
agacaaagtc 



60' 
120 
180 
240 
300 
360 
420 
480 
540 
600 
660 
720 
780 
840 
848 



strain Quebec isolate No 



<4Q0> 7 

atgtgggtac 

gtggagaaat 

aatatattag 

gtgaagtcca 

gagaagattt 

acaaagaagc 

aaaatcagag 

tatttactaa 

accgtgtact 

gatccttcta 

gcaaagcatt 

tcatgcgagc 

ccaacaatat 

tccatgactt 

caaaagctgg 



aacaactgca 
xcxgtatgct 
cacagcttta 
agtggxctta 
acagatgtta 
aaggaaaaca 
gccctcagca 
gctagcatca 
aagtgatgca 
tgacttattt 
aggctcaxca 
ttatggagcc 
aatgttagga 
ggtggtagaa 
actgtttaca 



gtgacaccct 
aaacatgctg 
ggatcagaga 
accagaacgt 
gacatacacg 
atggcaacct 
ccagacacac 
accatagaag 
cctaagagat 
gaacaaaaag 
xctacaggca 
ggtccaacaa 
catgtatctg 
atggggcctg 
ctagccaact 



catcattgca 
attacaaata 
gagtgcagca 
actctctggg 
gggtagagaa 
tgcttaagga 
ccataatctt 
tgggactaga 
accctagaat 
xgtatcacag 
gcaaacgaga 
tgctaaggtg 
tccaagctga 
aatctggact 
gtcccaactt 



acaagaaata 
tgctgcagaa 
gattctgagg 
gaaagttaaa 
gagctgggta 
atcatcaggt 
attatgtgta 
gaccacagtc 
ggacatccca 
aagtttgttc 
aagtctattt 
gggggtcatt 
atttaaacaa 
ttctacttta 
tgcaagtgtt 



acgctgttgt 
ataggaatac 
aactcaggca 
aacaataaag 
gaagagaxag 
aatatcccac 
ggtgcctxaa 
agaagggcta 
aaaattgcca 
attgagtatg 
gctxatatat 
gccagatcat 
gacacagaag 
aggcaaagcc 
gttc 



<210> 8 
<2ll> 850 
<212> DNA 

<ZX3> human metapneumovi rus 

<22Q> 
<221> gene 
<222> C1)...C850) 

<223> human metapneumovi rus, strain Quebec Isolate No 
hMPV-217 



60 
120 
180 
240 
300 
360 
420 
480 
540 
600 
660 
720 
780 
840 
894 
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<400> 8 

atgtgggtac aacaactgca gtgacacccr catcattgca acaagaaata acgctgttgt 60 

gxggagaaat tctgtatgct aaacatgctg attacaaata tgcxgcagaa atagqaatac 120 

aatatattag cacagcttta ggatcagaga gagtgcagca gattctgagg aactcaggxa 180 

gtgaagtcca agtggtctta accagaacgt actctctggg gaaagttaaa aacaataaag 240 

gagaagattt acagatgtta gacaxacacg gggxagagaa gagcxgggta gaagagatag 300 

acaaagaagc aaggaaaaca atggcaacct tgcttaagga atcatcaggt aatltcccac 360 

aaaatcagag gccctcagca ccagacacac ccataatctt attatgtgta ggtgccttaa 420 

xaxttactaa gctagcatca accatagaag tgggactaga gaccacagtc agaagggcta 480 

acegtgtact aagtgatgca ctcaagagat accctagaax ggacatccca aaaattgcca 540 

gatccttcxa tgacttaxtx gaacaaaaag tgtatcacag aagtttgttc attgagtatg 600 

gtaaagcatt aggaxcatca tctacaggca gcaaagcaga aagtctaxtt gttaatatat 660 

tcatgcaagc xxatggagcc ggtcaaacaa xgctaaggtg gggggtcatt gccaagtcat 720 

ccaacaatat aatgtxagga catgtatccg tccaagctga attaaaaaca ggtcccagaa 780 

gtccatgact xggtgcgaga aaxggggcct gaatctggac ttcxacxxtt aaggcaaagc 840 

ccaaaagctg - g 5 Q 

<210> 9 
<211> 1185 
<212> DNA 

<213> human metapneumovi rus 

<220> 

<22I> gene 

<222> CD...C11S5) 

<223> human metapneumovi rus, strain 00-1, accession 
number af371337 

<4O0> 9 

argtctcttc aagggattca cctgagtgat ttatcataca agcatgctat attaaaagacj 60 
tctcagtaca caataaaaag agatgtgggt acaacaactg cagtgacacc cteatcattg ' 120 

^ aa 9 aaa i«22S5 £iS£ 9 S attct 9 tat g cxaalcatgc tgactacaaa 180 

tatgctgcag aaataggaat acaaxatatt agcacagcxt taggatcaga gagagtgcaq 240 

cagaxtctga ggaactcagg cagtgaagtc caagtggtct taaccagaac gtactctctg 300 

gggaaaatta aaaacaataa aggagaagat ttacagatgr tagacataca cggggtagag 360 

aagagcxggg tagaagagat agacaaagaa gcaaggaaaa caatggcaac cttgcttaag 420 

gaatcatcag gtaatatccc acaaaatcag aggccctcag caccigacac acccataatc 480 

ttattatgtg taggtgcctt aatattcact aaactagcat caaccltaga agtgggacta 540 

gagaccacag tcagaagggc taaccgtgta ctaagtgatg cactcaagag ataccctaga 600 

atggacatac caaagatxgc cagatccttc tatgacttat ttgaacaaaa agtgtatcac 660 

agaagtttgt tcaxrgagta tggcaaagca ttaggctcat caxcxacagg cagcaaagca 720 

gaaagtctat ttgttaatar axxcatgcaa gcttatgggg ccggtcaaac aaxgcxaigg 780 

tggggggtca ttgccaggtc atccaacaat ataatgttag gacatgtatc cgtccaagct 840 

gagtxaaaac aggteacaga agtcxaxgac ttggtgcgag aaatgggccc tgaatctgga 900 

SSSS^ cccaaaa S ct ggactgxtat cactagccaa cxgtcccalc 960 

tttgcaagxg xtgttctcgg aaaxgccxca ggcttaggca taatcggtat gtatcgagqq 1020 

aKr»™ attttcagca gcxgaaagtt atgccaaaag xtxgalalaa 1080 

agcaaxaaaa taaatttctc ttcaxxagga cttacagatg aagagaaaga ggctg'cagaa 1140 
caxxtcttaa atgtgagtga cgacagtcaa aatgaxxatg agtaa yy 9t "* 9aa 

<21G> 10 
<211> 700 
<212> DNA 

<213> human metapneumovi f us 

<220> 

<221> gene 

<222> CD...C700J 

<223> human metapneumovi rus , strain Quebec isolate no 
hMPV-163 

<400> 10 

tgcagaaata ggaaxacaat atattagcac agcxxtagga tcagagagag tqcaacaaar an 

tctgaggaac tcaggcagtg aagtccaagx ggtcttaacc agaacgtacx ctctgqqqaa 120 

agttaaaaac aataaaggag aagatttaca gatgttagac axacacgggq taqaalaElo Tsn 

^999tagaa gagatagaca aagaagcaag gaaaacaatg gcaacctxgc tSgaf^ il§ 

atcaggtaat atcccacaaa atcagaggcc ctcagcacca gacacaccca taatcttatt Inn 

axgxgraggt gccttaatat ttacxaaact agcatcaacc atagaagtgg oactaaaoac Im 

cacagtcaga agggccaacc gtgtacxaag tgaxgcactc aagagatacc cta^aI?qQa 420 

catcccaaaa attgccagat ccxtctatga cttatttgaa caaaaaqtat atcaeaaf I« isS 

SESSg 9^ at ?f ca aagcaxxalg ctcatca?c? acaggclg^a 540 

tctatttgtx aaxarattca tgcaagctta tggagccggt caaacaatgc taaggttggg 600 
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qqxaattgcc aggxcatcca acaatataat gttaggacat gxatccgxcc aagctgagtt 660 
aaaacaggtc acagaagtct atgacttggt gcgagaaatg 700 

<210> 11 
<211> 705 
<212> DNA 

<213> human metapneumovYrus 
<220> 

<221> gene ^ ^ v 
<222> CD...C705) 

<2Z3> human metapneumovi rus , strain Quebec isolate No 
hMPV-174 

<400> 11 

tattagcaca gctttaggat cagagagagt gcagcagatt ctgaggaact caggcagtga 60 

agtccaagtg gtcttaacca gaacgtactc tctggggaaa gxxaaaaaca ataaaggaga 120 

agatxtacag atgttagaca tacacggggt agagaagagc tgggtagaag agatagacaa 180 

agaagcaagg aaaacaaxgg caacctxgcx xaaggaatca xcaggxaata tcccgcaaaa 240 

tcagaggccc tcageaccag acacacccat aatcttatta tgtgtaggtg ccttaatatt 300 

xacxaaacta gcatcaacca tagaagtggg actagagacc acagtcagaa gggctaaccg 360 

tgtactaagt gatgcactca agagaxaccc tagaatggac atcccaaaaa ttgccagatc 420 

cxtcxaxgac ttatttgaac aaaaagxgta xcacagaagt trtgttcattg agtatgacaa 480 

agcattaggc tcatcatcxa caggcagcaa agcagaaagt gtatttgtta axatatteat 540 
gcaagctxax ggagccggtc aaacaaxgcx gaggtggggg gtcattgcca ggtcatccaa • 600 

caaxataatg txaggacatg tatccgtcct agctgagcira aaaccggtca cagaagxcta 660 

tgacttggtg cgagaaatga ttcctgaatc tngacttcta carta 705 

<210> 12 

<211> 700 

<212> DNA 

<213> human metapneumovirus 

<220> 
<221> gene 
<222> W>...(700) 

<223> human metapneumovi rus, strain Quebec isolate tic 
hMPV-184 

<400> 12 

aaaxatgcxg cagaaatagg aatacaatat axtagcacag ctrcaggatc agagagagxg 60 

cagcagatxc tgaggaacxc aggcagtgaa gtccaagtgg tcxxaaccag aacgtactct 120 

ctggggaaag xtaaaaacaa taaaggagaa gatttacaga tgttagacat acacggggxa ISO 

gagaagagct gggtagaaga gatagacaaa gaagcaagga aaacaatggc aactttgctt 240 

aaggaatcat caggtaatat cccacaaaat cagaggccct cagcaccaga cacacccata 300 

axcxxattax gtgxaggtgc cttaaxaxxx actaaactag caxcaaccax agaagtggga 360 

ctagagacca cagxcagaag ggccaaccgt gtactaagtg axgcactcaa gagataccct 420 

agaatggaca tcccaaaaat tgccagaxcc txcxaxgact tatttgaaca aaaagtgtat 480 

cacagaagtt tgttcattga gtatggcaaa gcattaggct catcatctac aggcagcaaa 540 

gcagaaagtc taxttgxtaa xatattcatg caagcttatg gagccggxca aacaatgcta 600 

aggtgggggg xaattgccag atcatccaac aataxaatgt taggacatgt atccgtccaa 660 

gctgagttaa aacaggtcac agaagxcxax gacttagtgc 700 

<210> 13 
<211> 650 
<212> DJ^A 

<213> human metapneumovi rus 

<220> 
<221> gene 
<222> 

<223> human metapneumo virus, strain Quebec Isolate No 
hMPV-185 

<400> 13 

taggaataca atatattagc acagcxcxag gaxcagagag agtacagcag attctaagaa 60 

acxcaggcag xgaagtccaa gtggttttaa ccagaacgta ctccttgggg aaagixaaaa 120 

acaacaaagg agaagattta cagaxgxxag acatacacgg agtagagaaa agctgggtgg 180 

aagagataga caaagaagca agaaaaacaa xggcaacxxx gctxaaagaa xcatcaggca 240 

axaxxccaca aaatcagagg ccttcagcac cagacacacc xataatctta xxatgxgxag 300 

gtgccttaat atttaccaaa cxagcaxcaa ctatagaagt gggattagag accacagtca 360 

gaagagctaa ccgtgtacta agtgatgcac tcaaaagaxa cccxaggaxg gacataccaa 420 
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aaatcgctag-atctttctat gacttatttg aacaaaaagt gtattacaga agcttgttca 460 

•ctgagtatgg caaagcatta ggctcatccc ctacaggcag caaagcagaa agttrattcg 540 

ttaatatatt catgcaagct .tacggtgctg' gtcaaacaat gctgaggtgg ggagtcattg 600 

ccaggtcatc taacaatata atgttaggac atgtatctgt ccaagEtgag 650 

<210> U 
<211> 650 
<212> DNA 

<213> human metapneumovi rus 
<;220> 

<221> gene 

<222> CD-.. (650) 

<223> human metapneumovi rus f strain Quebec isolate No 
C— 76637 

<400> 14 

acaaatatgc atcataaata ggaatacaat atattagcac agctttagag atcagagaga 60 

gtgcagcaga ttctaaggaa ctcaggcagt gaagtccaag tggtcttaac cagaacgtac 120 

tctctgggga aagttaaaaa caataaagga gaagatttac agatgttaga catacacqqq iso 

gtagagaaga gctgggraga agagatagac aaagaagcaa ggaaaacaat ggcaaccttg 240 

cttaaggaat catcaggtaa tatcccacaa aatcagaggc c?tcagcacc agacacaccc 300 

ataatcttat tatgtgtagg tgccttaata tttactaaac tagcatcaac catagaaoto 360 

ggactagaga ccacagtcag aagggctaac cgtgtactaa gtgatgcact caagagatac 420 

cctagaatgg acatcccaaa aattgccaga tccttctatg acttatttga acaaaaag?g 480 

tatcacagaa gtttgttcat tgagtatggc aaagcattag gctcatcatc tacaggcagc 540 

aaagcagaaa gtctatttgt taatatatte atgcaagctt atggagccgg tcaaacalrg 600 

ctaaggtggg gggtcattgc caggtcatcc aacaatataa tgttaggata 

<210> 15 
<211> 650 
<212> DNA 

<213> human metapneumovi rus 
<220V 

<221> gene 

<222> 11) . . . C650) 

<223> human metapneumovi rus , strain Quebec xsol ate NO 
C-77807 

<400> 15 

j£ a £?£* aaa acaaatat 9£ tgcagaaata ggaatacaat atattagcac 60 

ag 5"HS ga ^agagagag tgcagcagat tctgaggaac tcaggcagtg aagtcclagt 120 

ggtcttaacc agaacgtact ctctggggaa agttaalaac aatalaagga gaagatttac 180 

agatgttaga catacacggg gtagagaaga gctgggtaga agagatagic laagaagcaa 240 

ggaaaacaat ggcaaccttg crcaaggaat catcaggtaa tatcccacaa aatcaglqgc 300 

cctcagcacc agacacaccc ataatcttat tatgtgtagg tgccttaata tttactaaqc 360 

tagcatcaac catagaagtg ggactagaga ccacagtcag. aagggrtaac cgtgtactaa 420 

gtgatgcact caagagatac cctagaatgg acatcccaaa aattgccaga tccttctatg 480 

acttatttga acaaaaagtg tatcacagaa gtttgttcat tgagtatggc aaagcattag 540 

gctcatcatc tacaggcagc aaagcagaaa gtctatttgt taatatatte atgeaagcit 600 

atggagccgg tcaaacaatg ctaaggtggg gggtcattgc caggtcatcc ai = 9caa9Ci:T 

<210> 16 
<2U> 650 
<212> DNA 

<213> human metapneuraovi rus 

<220> 
<221> gene 
<222> ZX> . . . C650) 

<223> hMPV-c-781^3 eU,nOV1 ' rUS ' strain Q uet) ec isolate No 
<400> 16 

ttaggatcag agagagtgea gcagattcta aggaactcag gcagtgaaqt ccaaataatc sn 
ttaaccagaa egtaewtet ggggaaagtt aaaaacaata aaggagaaja ittacagatg 120 
^S 9a 9 aa 9agctgg gtagaagaga tagacaaaga agcaaggtal 180 
ncl?ri^« rSrr?^^ 9 ? aa H atca 93taatatcc cacaaaatca gaggccctca 240 
tcaaccaraa afotonn^ SH^? 911 9 ta 9««tgcct taatatttac taaactagca 300 
n«?J«?«i aa 9^" act agagaccaca gtcagaaggg ctaaccgtgt actaagtgat 360 
gcactcaaga gataccctag aatggacatc ccaaaaattg ccagatcctx ctatgactta 420 
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tttgaacaaa aagxgxatca cagaagtttg txcattgagt atggcaaagc attaggcxca 480 

tcaxctacag gcagcaaagc agaaagtcta tttgttaaxa tattcatgca agcttatgga 540 

qccqqtcaaa caatgctaag gtggggggtc attgccaggt catccaacaa tataatgtta 600 

ggacatgtat ccgxccaagc tgagttaaaa caggtcacag aagtctatga 650 

<210> 17 
<21±> 650 
<212> DNA 

<213> human metapneumovi rus 

<220> 
<221> gene 

<222> CD.-C7003 , t • - 

<223> human metapneumovi rus , strain Quebec Isolate No 
C-75132 

<400> 17 

cagaaagagx acaacagaxt ttgagaaact caggtagtga agttcaggtg gtxttaacca 60 

aaacatactc cttagggaaa ggcaaaaaca gtaaagggga agagctgcag atgttagaxa 120 

tacatggagx ggaaaagagt xgggtagaag aaatagacaa agaggcaaga aagacaatgg 180 

taactttgct taaggagtca tcaggxaaca tcccacaaaa ccagagacct tcagcaccag 240 

acataccaat aaxtttatta tgtgtaggtg ccctaatatt cacxaaacta gcatctacaa 300 

tagaagttgg attagagact acagttagaa gagctaaxag agtgctaagt gatgcactca 560 

aaagataccc tagggxagat ataccaaaga ttgctagatc tttttatgaa cxaxttgaac 420 

aaaaagtgta ctacagaagt ttattcaxxg agtacggaaa agctrttaggc tcatcttcaa 480 

caggaagcaa agcagaaagt xxgtttgtaa axaxatttat gcaagcxxat ggagctggxc 540 

aaacactgct aaggtggggt gtcattgcca gatcaxccaa caacataatg ctagggcatg 600 

tatctgtgca atctgaattg aagcaagtta cagaggxtta tgacttggtg . 650 

<210> 18 
<i211> 650 
<212> DNA 

<213> human metapneumovirus 

<220> 
<221> gene 
<222> ID...C650) 

<223> human metapneumovirus, strain Quebec isolate No 
C-78163 

<400> 18 

ggatcagaaa gagxacaaca gattttgaga aacxcaggta gtgaagttca ggtggtttta 60 

accaaaacat actccttagg gaaaggcaaa aacagtaaag gggaagagct gcagatgxxa 120 

gatatacatg gagtggaaaa gagttgggta gaagaaataej acaaagaggc aagaaagaca 180 

atggtaactt xgcttaagga gtcatcaggt aacatcccac aaaaccagag accttcagca 240 

ccagacacac caataattxx attatgtgta ggxgccctaa tattcactaa acxagcatca 300 

acaatagaag ttggattaga gactacagtt agaagagcta atagagtgct aagtgatgca 360 

cxcaaaagat accctagggt agatatacca aagattgcta gatcttttta tgaacxaxxt 420 

gaacaaaaag tgtactacag aagtttattc axxgagtacg gaaaagctxx aggctcatct 480 

tcaacaggaa gcaaagcaga aagtxxgxxx gtaaatatat ttatgcaagc ttatggagct 540 

ggtcaaacac tgctaaggtg gggtgtcatt gccagatcat ccaacaacat aatgctaggg 600 

catgtatctg tgcaaxcxga attgaagcaa gttacagagg tttatgactt 650 

<210> 19 
<2U> 600 
<212> DNA 

<213> human metapneumovirus 

<220> 

<221> gene 

-<222> (1).^C600) 

<223> human metapneumovirus, strain Quebec isolate No 
C-91205 

<400> 19 

atattagcac agctctaggg atcagagaga gtacagcaga txcxaagaaa ctcaggcagt 60 

gaagtccaag tggttttaac cagaacgtac tccttgggga aagttaaaaa caacaaagga 120 

gaagatttac agatgttaga catacacgga gtagagaaaa gctgggtgga agagatagac 180 

aaagaagcaa gaaaaacaat .ggcaactxxg cttaaagaat catcaggcaa tattccacaa 240 

aatcagaggc cxxcagcacc agacacacct axaaxcxxax tatgtgtagg tgccttaata BOO 

tttaccaaac tagcatcaac tatagaagtg ggattagaga ccacagtcag aagagctaac 360 

cgtgtactaa gtgatgcacx caaaagaxac cctaggatgg acataccaaa aaxcgctaga 420 
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tctttctatg acttatttga acaaaaagtg tattacagaa gcttgttcat tgagtatggc 4SC 

aaagcattag gctcatcctc tacaggcagc aaagcagaaa gtttattcgt taatatattc 540 

atgcaagctt acggtgctgg tcaaacaaxg ctgaggtggg gagteattgc caggtcatct 600 

<210> 20 
<211> 700 
<212> DNA 

<213> human metapneumovi rus 
<220> 

<22i> gene 

<222> ?1) . . . (700) 

<223> human metapneumovi rus , strain Quebec isolate Mo 
. C- 913 64 

<400> 20 



60 
120 



gattacaaat atgctgctga gataggaatg caatatattt gcacagctct aggatcagaa 

agagtacaac agattttgag aaactcaggt agtgaagttc aggtggttct aaccaaaaca 120 

tactccttag. .ggaaaggcaa aaacagtaaa ggggaagagc tgcagatgtt agatatacat 180 

ggagtggaaa agagttgggt agaagaaata gacaaagagg cSagaaagac aatggtaact 240 

ttgcttaagg agtcatcagg taacatccca caaaaccaga gaccttcagc accagacaca 300 

^SE" tattatgtgt aggtgcccta. atattcacta aactagcatc aacaatagaa 360 

gttggattag agaetacagt tagaagagct aatagagtgc taagtgatgc actcaaaaga 420 

*£S att S rt agatcttttt atgaactatt tgaacaaala 480 

gtgtactaca gaagtttatt cattgagtac ggaaaagctt taggctcatc ttcaacagga S40 

agcaaagcag.aaagtttgtt tgtaaratata tttatgcaag cttatggagc tqgtcaaaca 600 

SS5H2 ggt sgggtgtcat tgccagatca tccaacaaca taatgctagg gcatgtatct 660 

gtgcaatccg aattgaagca agttacagag grttatgact y 8 8 aw 700 

<210> 21 
<2U> 600 
<212> DNA 

<213> human metapneumovi rus 

<220> 

<223> gene 

<222> CI). -.(600) 

<223> human metapneumovi rus, strain quebec Isolate No 
C-91630 

<400> 21 

taattctllc caaliclrlr ""eagaaa ctcaggtagt gaagttcagg 60 

tggttctaac caaaacatac tcettaggga aaggcaaaaa caotaaaaaa aaananftnr -i™ 

agatgttaga tatacatgga gtggaalaga gttgggtaga agaaataglc allolaacaa lftS 

gaaagacaat ggtaactttg cttaaggagt catcaggtaa catcccacaa aacclnlSar 358 

cttcagcacc agacacacca .ataattttat tatgtgtagg ticcttaata TtScttltr IfSt 

tagcatcaac aatagaagtt ggattagaga ctacagttag aagagc^lat SStacttS §SS 

gtgatgcact caaaagatac cctagggtag atataccaaa gattgctaga tcttttStS Ifo 

aactatttga acaaaaagtg tactacagaa gcttattcat tgagtacgga aSSSS am 

gctcatcttc aacaggaagc aaagcagaga gtttgtttgt aaatatattt atacaaaclr Hn 

atggagctgg tcaaacactg ctaaggSggg itgtcatt^c SgSStS fficISS 600 

<210> 22 
<211> 650 
<212> DNA 

<213> human metapneumovi rus 
<220> 

<221> gene • 
<22'2> CD • . - (650) 

<2Z5> hMPv-Q8l tapneUm ° VirUS ' strain Q uebec isolate. no 
<400> 22 

sag? ssjsss esses asss 3S333 SSSSSgg JS 

tagaagtggg attagagacc acagtcagaa gagctaaccg tgtactaaat aato«^£= If2 
aaagataccc tagaatggac ataScaafaa §t8«aKti c£««|ac ISttgg %°o 
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aaaaaqtgta tcacagaagt ttgttcattg agtatgggca aagcattagg ctcaxcctct 
nrsaacaaca aagcagaaag tttattcgtc aatatattca tgcaagctta tggtgctggt 
caalcaatgc tgaggtgggg gggxtatcgc caggtcatct aacaatataa 

<210> 23 
<211> 650 
<212> DNA 

<213> human metapneumovi rus 
<220> 

<221> gene 

<223> human "metapneumovi rus, strain Quebec isolate No 
hMPV-Q97 



540 
600 
650 



<400> 23 

tagcacagct 

ccaagtggtt 

tttacagatg 

agcaagaaaa 

gaggccttca 

caaactagca 

actaagtgat 

ctatgacxta 

axxaggctca 

aagcttacgg 

axaxaatgtt 



ctaggatcag 
xtaaccagaa 
ttagacatac 
acaatggcaa 
gcaccagaca 
tcaactatag 
gcactcaaaa. 
tttgaacaaa 
tcctctacag 
xgctggtcaa 
aggacaxgta 



agagagtaca 
cgtactcctt 
acggagxaga 
ctttgcttaa 
cacctaxaat 
aagtgggatt 
gataccctag 
aagtgtatta 
gcagcaaagc 
acaatgctga 
tctgtccaag 



gcagatrtcta 
ggggaaagxt 
gaaaagctgg 
agaatcatca 
cttattatgt 
agagaccaca 
gatggacata 
cagaagcttg 
agaaagxxxt 
ggtggggagt 
ctgagttaaa 



agaaactcag 
aaaaacaaca 
gtggaagaga 
ggcaatattc 
gtaggtgcct 
gtcagaagag 
ccaaaaatcg 
ttcattgagt 
attcgttaat 
cattgccagg 
acaagtcacg 



gcagtgaagt 
aaggagaaga 
tagacaaaga 
cacaaaatca 
taatattxac 
ctaaccgtgt 
ctagatcttt 
axggcaaagc 
atattcatgc 
tcatctaaca 



<210> 24 
<211> 741 
<212> DNA 

<213> human metapneumovi rus 
<220> 

<221> gene 

<222> W . . . C74W 

<223> human metapneumovi rus , strain can 97-83 

<400> 24 
agtgacaccc 
taagcatgct 
aggaxcagag 
aaccaaaacg 
agacaracac 
aatggcaact 
accagacaca 
aactatagaa 
actcaaaaga 
tgaacaaaaa 
ctctacaggc 
tggtcaaaca 
acatgtaxct 



tcatcattgc 
gatxacaaat 
agagtacagc 
tacxccrtgg 
ggagtagaga 
ttgcxxaaag 
ccxataatct 
gtgggarcag 
xaccctagga 
gtgtattaca 
agcaaagcag 
atgctgaggt 
gxccaagctg 



aacaagaaat 
atgctgcaga 
agattcxaag 
ggaaagttaa 
aaagctgggt 
aatcatcagg 
tatxatgxgx 
agaccacagt 
tggacatacc 
gaagxxtgtt 
aaagtttatt 
ggggagtcat 
a 



aacactattg 
aataggaata 
aaactcaggc 
aaacaacaaa 
ggaagagata 
caatattcca 
aggtgcctta 
cagaagagct 
aaaaatcgct 
cattgagtat 
cgttaatata 
tgccaggtca 



tgtggagaaa 
caatatatta 
agtgaagxcc 
ggagaagatt 
gacaaagaag 
caaaatcaga 
atattxacca 
aaccgtgtac 
agatctttct 
ggcaaagcat 
xxcaxgcaag 
tctaacaata 



ttctatatgc 
gcacagctct 
aagtggtttt 
tacagatgtt 
caagaaaaac 
ggccttcagc 
aa crag cat c 
taagtgatgc 
atgatxxaxx 
xaggctcatc. 
cttacggtgc 
taatgttagg 



<210> 25 
<211> 650 
<212> DNA 

<213> human metapneumovi rus 
<220> 

<221> gene 

<22Z> CI) • . - (650) 

<223> human metapneumovi rus, strain can 98-75 

<400> 25 
caatatattt 
agtgaagttc 

ggggaagagt 
gacaaagagg 
caaaaccaga 
atattcacxa 
aacagagtgc 
agarcttrtct 



gcacggcxct 
aggtggttct 
tgcaaatgtt 
caagaaaaac 
ggccttcagc 
aactagcaxc 
taagtgatgc 
atgaactatt 



aggatcagaa 
aaccaagaca 
agatatacat 
aatggxgacx 
accagacaca 
aacaatagaa 
gctcaaaaga 
tgagcagaaa 



agagtacaac 
tacxctttag 
ggagtggaaa 
ttgctaaagg 
ccaataattx 
gttggactag 
taccctaggg 
gtgtattaca 



agattttaag 
ggaaaggtaa 
agagttgggt 
aatcatcagg 
tattatgtgt 
agactacagt 
tagatatacc 
ggagtctatt 



aaattcaggc 
aaatagtaaa 
agaagaaata 
taacatccca 
aggtgcttta 
tagaagagct 
gaagattgct 
cattgagtat 



60 
120 
180 
240 
300 
360 
420 
480 
540 
600 
650 



60 
120 
180 
240 
300 
360 
420 
480 
540 
600 
660 
720 
741 



60 
120 
180 
240 
300 
360 
420 
480 
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gggaaagctt taggctcatc ttcaacagga agcaaagcag aaagtttgtt tgxaaatata 540 

xttatgcaag cttaxggagc cggtcaaaca atgctaaggt ggggxgtcat tgccagatca 600 
tctaacaaca taatgctagg acatgtgtct gtgcaagctg aattgaagca 650 

<210> 26 
<211> 759 
<ZX2> DNA 

<213> human metapneumovirus 

<220> 

<221> gene 

<222> CD-- (759) 

<223> human metapneumovirus, strain can 98-75 
<400> 26 

atgtcttgga aagtggtgat xatcatttcg ttactcataa cacctcagca cggactaaaa 60 

gaaagttaxt tagaagaatc atgtagtact ataactgaag gatatctcag tgttttaaga 120 

acaggttggt acaccaatgt ctttacatta gaagttggtg atgttgaaaa tcttacatgt 180 

actgatggac cxagcrtaat caaaacagaa cttgacctaa ccaaaagtgc tctaagagaa 240 

ctcaaaacag tttctgctga xcagttagcg agagaagaac aaattgaaaa tcccagacaa 300 

tcaaggrttg tcctaggxgc aatagctctt ggtgtxgcca cagcagcagc agtcacagca 360 

ggcattgcga tagccaaaac cataaggctt gagagtgaag tgaatgcaat caaaggtgct 420 

ctcaaaacaa ccaacgaggc agtaxccaca ctaggaaatg gaqtgcgagt ccxagccacc 480 

gcagtaagag agctgaaaga axxxgtgagc aaaaacctga ctagtgcaat taacaagaac 540 

aaatgxgaca ttgcxgaccx gaagatggcx gtcagcttca gtcaattcaa cagaagattc 600 

cxaaaxgtxg tgcggcagtt xtcagacaat gcagggataa caccagcaat atcatxggac 660 

ctaatgactg atgctgagcx ggccagagct gtatcataca xgccaacatc tgcaggacag 720 

axaaaactaa tgttagagaa ccgtgcaatg gtaagaaga ~ 759 

<210> 27 

<211> 759 

<212> DNA 

<;213> human metapneumovirus 

<220> 
<221> gene 
<222> CD... (759) 

<223> human metapneumovirus, strain Quebec Xsolate No 
C- 673 4 5 

<:400> 27 

atgxcxxgga aagtggtgat catxxxttca ttgctaataa caccxcaaca cggtcttaaa 60 

gagagctacc tagaagaatc atgtatcact ataactgagg gatatcttag tgxtcxgaga 120 

acaggttggt ataccaacgt ttttacatta gaggtgggtg atgtagaaaa ccttacatgt ISO 

xctgatggac ctagcctaax aaaaacagaa ttagatcxga ccaaaagtgc actaagagag 240 

ctcaaaacag tcxctgctga ccaattggca agagaggaac aaattgagaa tcccagacaa 300 

tctaggtttg ttctgggagc aatagcactc ggtgttgcaa cagcagcxgc agtcacagca 360 

ggtgttgcaa ttgccaaaac catccggctt gagagtgaag tcacagcaat taagaatgcc 420 

ctcaaaacga ccaatgaagc agtatctaca xxggggaatg gagttcgagt gttggcaact 480 

gcagtgagag agctgaaaga ctttgxgagc aagaatttaa ctcgtgcaat caacaaaaac 540 

aagtgcgaca ttgatgacct aaaaatggcc gttagcxxca gtcaattcaa cagaaggttt 600 

ctaaatgttg tgcggcaatt xtcagacaat gctggaataa caccagcaat atctttggac 660 

ttaatgacag atgctgaacx agccagggcc gtttccaaca tgccgacatc tgcaggacaa 720 

ataaaaxtga tgttggagaa ccgtgcgatg gtaagaaga uw 759 

<210> 28 
<211> 759 
<212> DNA ■ 

<213> human metapneumovirus 

<220> 
<22l> gene 
<222> (1)...(759) 

<223> human metapneumovirus, strain can 97-83 
<400> 28 

ataaaaatgt cttggaaagt ggtgatcatt ttttcattgc taataacacc xcaacacggx 60 
cttaaagaga gctacctaga agaatcatgt agcactataa ctgagggata tcttagtgtt 120 
cxgaggacag gttggtatac caacgttxtt acattagagg tgggtgatgt agaaaicctt 180 
acatgttctg atggacctag cctaataaaa acagaattag atctgaccaa aagtgcacta 240 
.H^ a §5 t 5 a aaa 5^9tctc tgctgaccaa ttggcaagag aggaacaaat tgagaatccc 300 
agacaatcta ggtttgttct aggagcaata gcactcggtg ttgcaacagc agctgcagtc 360 
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acagcaggtg 
aatgccctca 
gcaactgcag 
aaaaacaagt 
aggxxxctaa 
ttggacttaa 
ggacaaataa 



rxgcaattgc 
aaacgaccaa 
tgagagagct 
gcgacattga 
atgttgtgcg 
tgacagatgc 
aattgaxgtt 



caaaaccatc 
tgaagcagta 
gaaagacttt 
xgacctaaaa 
gcaattttca 
tgaactagcc 
ggagaaccgt 



cggcttgaga 
tctacattgg 
gtgagcaaga 
atggccgtta 
gacaatgcxg 
agggccgttt 
gcgatggtg 
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gtgaagtcac 
ggaatggagt 
atxtaactcg 
gcttcagtca 
gaataacacc 
ctaacatgcc 



agcaattaag 
tcgagtgttg 
tgcaaxcaac 
atxcaacaga 
agcaatatct 
gacatcxgca 



<210> 29 
<211> 759 
<212> ON^A 

<213> human metapneumovi rus 

<220> 

<223j> gene 

<222> CD..-C759) 

<223> human metapneumovl rus , strain quebec isolate No 
068661 



<400> 29 

axgtcttgga 

gagagctatt 

acaggttggt 

gctgatggac 

ctcagaacag 

tctagatttg 

ggtgttgcaa 

ctcaaaaaga 

gcagtgaggg 

aagtgcgaca 

cxaaatgttg 

ttaatgacag 

axaaaacxga 



aagtggtgat 
ragaagagtc 
ataccaacgt 
ctagcttaat 
tttctgctga 
ttctaggagc 
ttgccaaaac 
ccaatgaagc 
agctgaaaga 
xxgctgacct 
tgcggcaart 
argctgaact 
tgttggagaa 



cattxtttca 
atgtagcact 
ttttacactg 
aaaaacagaa 
tcaactggca 
aatagcactc 
catccggctt 
agxaxcxaca 
ttttgtgagc 
gaaaaxggcc 
ttcagacaat 
agccagagct 
ccgtgcaatg 



ttgxtaataa 

ataacxgaag 

gaggtaggtg 

ttagacctga 

agagaggagc 

ggtgttgcaa 

gaaagtgaag 

ttggggaatg, 

aagaatctaa 

gttagcxtca 

gctggaataa 

gtttccaaca 

gxaagaaga 



cacctcaaca 
gataxctcag 
atgtagagaa 
ccaaaagtgc 
aaattgagaa 
cagcagctgc 
taacagcaat 
gagttcgagt 
cacgxgcaat 
gtcaattcaa 
caccagcaax 
xgccaacatc 



cggtcttaaa 
tgttctgagg 
ccttacatgt 
acxaagagag 
tcccagacaa 
agttacagca 
taagaatgcc 
gxxggcaact 
caacaaaaac 
cagaaggttt 
atccttggac 
-tgcaggacaa 



<210> 30 
<2U> 759 
<212> OMA 

<213> human metapneumovi rus 

<220> 

<22l> gene 

<222> C1D.-.C759) . 

<223> human mexapneumovi rus , strain Quebec Isolate No 
C-73750 



<40O> 30 

axgxctxgga 

gagagctatt 

acaggttggt 

gctgatggac 

ctcagaacag 

tctagatttg 

ggtgttgcaa 

ctcaaaaaga 

gcagxgaggg 

aagtgcgaca. 

ctaaaxgttg 

ttaatgacag 

ataaaactga 



aagtggtgat 
tagaagagtc 
ataccaacgt 
ctagcttaat 
tttctgcxga 
ttctaggagc 
ttgccaaaac 
ccaatgaagc 
aactgaaaga 
ttgctgaccx 
xgcggcaatt 
atgctgaact 
xgttggagaa 



catxxttxca 
atgtagcact 
ttttacactg 
aaaaacagaa 
tcaactggca 
aatagcactc 
catccggctt 
agtatctaca 
ttttgtgagc 
gaaaatggcc 
ttcagacaat 
agccagagct 
ccgtgcaatg 



ttgttaataa 
ataactgaag 
gaggtaggtg 
ttagacctga 
agagaggagc 
ggtgttgcaa 
gaaagtgaag 
ttggggaatg 
aagaatctaa 
gttagcttca 
gctggaataa 
gtttccaaca 
gtaagaaga 



cacctcaaca 
gatatctcag 
axgtagagaa 
ccaaaagtgc 
aaattgagaa 
cagcagctgc 
xaacagcaat 
gagttcgagt 
cacgtgcaat 
gtcaattcaa 
caccagcaat 
tgccaacatc 



cggtcttaaa 
tgttctgagg 
cctxacatgt 
actaagagag 
tcccagacaa 
agttacagca 
taagaatgcc 
gttggcaact 
caacaaaaac 
cagaaaggtt 
atccttggac 
tgcaggacaa 



480 
540 
600 
660 
720 
759 
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<210> 31 
<211> 759 
<212> DNA 

<213> human metapneumovi rus 

<220> 
<:221> gene 
<222> ID . . . (759) 
<223> human metapneumovl rus , 
C-74549 



strain Quebec Isolate No 



<400> 31 
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atgtcttgga aagtggtgat cattttttca ttgctaataa cacctcaaca cggtcttaaa 

gagagctacc tagaagaatc atgtagcact ataactgagg gatatcttag tgttctgagg 

acaggttggt ataccaacgt ttttacatta gaggtgggtg atgtagaaaa ccttacatgt aau 

tctgatggac ctagcctaat aaaaacagaa ttagatctga ccaaaagtgc actaagagag 240 

ctcaaaacag tctctgctga ccaattggca agagaggaac aaattgagaa tcccagacaa 300 

tctaggtttg ttctaggagc aatagcactc ggtgttgcaa cagcagctgc agtcacagca * crt 

ggtgttgcaa ttgccaaaac catccggctt gagagtgaag tcacagcaat taagaatgcc 

ctcaaaacga ccaatgaagc agtatctaca ttggggaatg gagttcgagt gttggcaact 

gcagtgagag agctgaaaga crctgtgagc aagaatttaa ctcgtgcaat caacaaaaac 

aagtgcgaca ttgatgacct aaaaatggcc gttagcttca gtcaattcaa caqaaqqttt 

ctaaatgttg tgcggcaatt ttcagacaat gctggaataa caccagcaat atctttggac 660 

ttaatgacag atgctgaact agccagggcc gtttctaaca tgccgacatc tgcaggacaa 720 

ataaaattga tgttggagaa ccgcgcgatg gtaagaaga y y 759 

<210> 32 
<211> 759 
<212> DMA 

<213> human metapneumovi rus 
<220> 

<221> gene 

<222> CD-..C759) 

<223> human metapneumovi rus, strain Quebec isolate No 
C-74783 

<400> 32 

atgtcttgga aagtggtgat cattttttca ttgctaataa cacctcaaca cggtcttaaa 60 

gagagctacc tagaagaatc atgtagcact ataactgagg gatatcttag tgttctgagg 120 

acagqttagt ataccaacgt ttttacatta gaggtgggtg atgtagaaaa ccttacatgt 1B0 

tctgatggac ctagcctaat aaaaacagaa ttagatctga ccaaaagtgc actaagagag 240 

ctcaaaacag tctctgctga ccaattggca agagaggaac aaattgagaa tcccagacaa 300 

tctaggtttg ttctaggagc aatagcactc ggtgttgcaa cagcagctgc agtcacagca - 360 

ggtgttgcaa ttgccaaaac catccggctt gagagtgaag tcacagcaat taagaatgcc 420 

ctcaaaacga ccaatgaagc agtatctaca ttggggaatg gagttcgagt gttggcaact 480 

gcagtgagag agctgaaaga ctttgtgagc aagaatttaa ctcgtgcaat caacaaaaac S40 

aagtgcgaca ttgatgacct aaaaatggcc gttagcttca gtcaattcaa cagaaggttt 600 

ctaaatgttg tgcggcaatt ttcagacaat gctggaataa caccagcaat atctttggac 660 

ttaatgacag atgctgaact agccagggcc gtttctaaca tgccgacatc tgcaggacaa 720 

ataaaattoa tgttggagaa ccgcgcgatg gtaagaaga y *sgacaa /^u 

<210> 33 

<211> 759 . 

<212> DNA 

<213> human metapneumovi rus 
<220> 

<221> qene 

<222> tU...C759) 

<223> human metapneumo vi rus, strain Quebec isolate no 
C-76837 

<40G> 33 

atgtcttgga aagtggtgat cattttttca ttgttaataa cacctcaaca cqqtcttaaa 60 

gagagctatt tagaagagtc atgtagcact ataactgaag gatatctcag tgttctgag§ 120 

acaggttggt ataccaacgt ttttacactg gaggtaggtg atgtagaaaa ccttacatat ISO 

gctgatggac ctagcttaat aaaaacagaa ttagatctga ccaaaagtgc acraagaglg 240 

ctcagaacag tttctgctga tcaactggca agagaggagc aaattgagaa tcccanacai 300 

^ cta 99 a Sc aatagcactc ggtgttgcaa cagcagctgc agttlctgc! 360 

ggtgttgcaa ttgccaaaac catccggctt gaaagtgaag taacagcaat ta*gaatqcc 420 

ctcaaaaaga ccaatgaagc agtatctaca ttggggaatg gagttcgagt gttggcaact 480 

gcagtgaggg aactgaaaga ttttgtgagc aagaatctaa cacgtgcatt caacaaaaac 540 

rs ct 9 ac « gaaaatggcc gttagcttca gtclattcaa cagaaggttt 600 

ctaaatgttg tgcggcaatt ttcagacaat gctggaataa cacccacaat atccttaaac 660 

ttaatgacag atgctgaact agccagagct gtttccaaca tgccaacatc tgcaqoacla 720 

ataaaactga tgttggagaa ccgtgcaatg gtaagaaga tgcaggacaa 720 

<210> 34 ' 
<2il> 759 
<212> DMA 

<213> human metapneumovi rus 
<220> 
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<221> ^ene 

<223> human " metapneumovi rus, strain Quebec Isolate No 
C-77748 

<400> 34 

atgtcttgga aagtggtgat cattttttca ttgttaataa cacttcaaca cggtcttaaa 

qaqaqctatt tagaagagtc atgtagcact ataactgaag gatatctcag tgttctgagg 120 

acaqqttggt ataccaacgt ttttacactg aaggtaggtg atgtagagaa ccttacatgt 180 

gctgatggac ctagcttaat aaaaacagaa ttagacctga ccaaaagtgc actaagagaa 240 

ctcagaacag tttctgctga tcaactggca agagaggagc aaattgagaa tcccagacaa 300 

tctagatttg ttctaggagc aatagcactc ggtgttgcaa cagcagctgc agttacagca 360 

ggtgttgcaa ttgccaaaac catccggctt gaaagtgaag taacagcaat taagaatgcc 420 

ctcaaaaaga ccaatgaagc agtatctaca ttggggaatg gagttcgagt gttggcaact 480 ■ 

gcagtgaggg agctgaaaga ttttgtgagc aagaatctaa cacgtgcaat caacaaaaac . 540 

aagtgcgaca ttgctgacct gaaaatggcc gttagcttca gtcaattcaa cagaaggttt 600 

ctaaatgttg tgcggcaatt ttcagacaat gctggaataa caccagcaat atccttggac 660 

ttaatgacag atgctgaact agccagagct gtttccaaca tgccaacatc tgcaggacaa 720 

ataaaactga tgttggagaa ccgtgcaatg gtaagaaga 759 

<210> 35 
<2U> 759 
<212> DNA . 

<213> human metapneumovi rus 
<220> 

<221> gene 

<222> CD.-.C759) . , 

<223> human metapneumovi rus, strain Quebec Isolate No 
077807 

<400> 35 

atgtcttgga aagtggtgat cattttttca ttgttaataa cacttcaaca cggtcttaaa 60 

gagagctatt tagaagagtc atgtagcact ataactgaag gatatctcag tgttctgagg 120 

acaggttggt ataccaacgt Ttttacactg aaggtaggtg atgtagagaa ccttacatgt 180 

gctgatggac ctagcttaat aaaaacagaa ttagatctga ccaaaagtgc actaagagag 240 

ctcagaccag tttctgctga tcaactggca agagaggagc aaattgagaa tcccagacaa 300 

tctagatttg ttctaggagc aatagcactc ggtgttgcaa cagcagctgc agttacagca 360 

ggtgttgcaa ttgccaaaac catccggctt gaaagtgaag taacagcaat. taagaatgcc 420 

ctcaaaaaga ccaatgaagc agtatctaca ttggggaatg gagttcgagt gttggcaact 480 

gcagtgaggg aactgaaaga ttttgtgagc aagaatctaa cacgtgcaat caacaaaaac 540 

aagtgcgaca ttgctgacct gaaaatggcc gttagcttca gtcaattcaa cagaaggttt 600 

ctaaatgttg tgcggcaatt ttcagacaat gctggaataa caccagcaat atccttggac 660 

I ttaatgacag argctgaact agccagagct gtttccaaca tgccaacatc tgcaggacaa 720 

1 ataaaactga tgttggagaa ccgtgcaatg gtaagaaga 759 

<210> 36 
<2U> 759 
<212> DNA 

<213> human metapneumovi rus 

<220> . 
<221> gene 
<222> tU...C759) 

<223> human metapneumovi rus , strain Quebec isolate No 
c-78132 

<400> 36 

atgtcttgga aagtggtgat cattttttca ttgttaataa cacctcaaca cggtcttaaa 60 

gagagctatt tagaagagtc atgtagcact ataactgaag gatatctcag tgttctgagg 120 

acaggttggt ataccaacgt ttttacactg gaggtaggtg atgtagagaa ccrtacatgt 180 

gctgatggac ctagcttaat aaaaacagaa ttagatctga ccaaaagtgc actaagagag 240 

ctcagaacag tttctgctga tcaactggca agagaggagc aaattgagaa tcccagacaa 300 

tctagatttg ttctaggagc aatagcactc ggtgttgcaa cagcagctgc agttacagca 360 

ggtgttgcaa ttgccaaaac catccggctt gaaagtgaag taacagcaat taagaatgcc 420 

ctcaaaaaga ccaatgaagc agtatctaca ttggggaatg gagttcgagt gttggcaact 4S0 

gcagtgaggg aactgaaaga ttttgtgagc aagaatctaa cacgtgcaat caacaaaaac 540 

aagtgcgaca ttgctgacct gaaaatggcc gttagcttca gtcaattcaa cagaaggttt 600 

ctaaatgttg tgcggcaatt ttcagacaat gctggaataa caccagcaat atccttggac 860 

ttaatgacag atgctgaact agccagagct gtttccaaca tgccaacatc tgcaggacaa 720 

ataaaactga tgttggagaa ccgtgcaatg gtaagaaga 759 
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<210> 37 
<211> 759 
<212> DNA 

<213> human metapneumovi rus 
<220> 

<221> gene 

<222> CW...C75d) . . 

<223> human^metapnaumoyirus, strain Quebec Isolate No 

<400> 37 

atgtcttgga aagtggtgat cattttttca ttgttaataa cacctcaaca 
gagagctatt tagaagagtc atgtagcact ataactgaag gatatctcag 
acaggttggt ataccaacgt ttttacactg gaggtaggtg atgtagagaa 
gctgatggac ctagcttaat aaaaacagaa ttagatctga ccaaaagtgc 
ctcagaacag tttctgctga tcaactggca agagaggagc aaattgagaa 
tctagatttg ttctaggagc aatagcactc ggtgttgcaa cagcagctgc 
ggtgttgcaa ttgccaaaac catccggcxt gaaagtgaag taacagcaat 
ctcaaaaaga ccaatgaagc agtatctaca ttggggaatg gagttcgagt 
gcagtgaggg aactgaaaga ttttgtgagc aagaatctaa cacgtgcaat 
aagtgcgaca ttgctgacct gaaaatggcc gttagcctca gtcaattcaa 
ctaaatgttg tgcggcaatt ttcagacaat gctggaataa caccagcaat 
Ttaatgacag atgctgaact agccagagct gtttccaaca tgccaacatc 
ataaaactga tgttggagaa ccgtgcaatg gtaagaaga 

<210> 38 
<2U> 759 
<212> DNA 

<213> human metapneumovi rus 

<220> 
<22l> gene 

<222> CO...C759)- . B 

<223> human metapneumovi rus, strain Quebec isolate rto 
C-7B406 



cggtcttaaa 
tgttctgagg 
ccttacatgt 
actaagagag 
tcccagacaa 
agttacagca 
taagaatgcc 
gttggcaact 
caacaaaaac 
cagaaggttt 
atccttggac 
tgcaggacaa 



60 
120 
180 
240 
300 
360 
420 
480 
540 
600 
660 
720 
759 



<400> 38 

atgtcttgga 

gagagctatt 

acaggttggt 

gctgatggac 

ctcagaacag 

rctagatttg 

ggtgttgcaa 

ctcaaaaaga 

gcagtgaggg 

aagtgcgaca 

ctaaatgttg 

ttaatgacag 

ataaaactga 



aagtggtgat 
tagaagagtc 
ataccaacgt 
ctagcttaat 
tttctgctga 
ttctaggagc 
ttgccaaaac 
ccaatgaagc 
aactgaaaga 
ttgctgacct 
tgcggcaatt 
atgctgaact 
tgttggagaa 



cattttttca 
atgtagcact 
ttttacactg 
aaaaacagaa 
tcaactggca 
aatagcactc 
catccggctt 
agtatctaca 
ttttgtgagc 
gaaaatggcc 
ttcagacaat 
agccagagct 
ccgtgcaatg 



ttgttaataa 
ataactgaag 
gaggtaggtg 
ttagatctga 
agagaggagc 
ggtgttgcaa 
gaaagtgaag 
"ttggggaatg 
aagaatctaa 
gttagcttca 
gctggaataa 
gtttccaaca 
gtaagaaga 



cacctcaaca 
gatatctcag 
atgtagagaa 
ccaaaagtgc 
aaattgagaa 
cagcagctgc 
taacagcaat 
gagttcgagx 
cacgtgcaat 
gtcaattcaa 
caccagcaat 
tgccaacatc 



cggtcttaaa 
tgttctgagg 
ccttacatgt 
actaagagag 
tcccagacaa 
agttacagca 
taagaatgcc 
gttggcaact 
caacaaaaac 
cagaaggttt 
atccttggac 
tgcaggacaa 



60 
120 
180 
240 
300 
360 
420 
480 
540 
600 
660 
720 
759 



<210> 39 
<211> 759 . 
<212> DNA 

<213> human metapneumo virus 

I <220> 

l <221> gene 

1 <222> H0...C759) 

<223> human metapneumovirus, strain Quebec Isolate No 
hMPV-174 



<400> 39 

atgtcttgga 

gagagctatt 

acaggttggt 

gctgatggac 

ctcagaacag 

tctagatttg 

ggtgttgcaa 

ctcaaaaaga 



aagtggtgat 
tagaagagtc 
ataccaacgt 
ctagcttaat 
tttctgctga 
ttctaggagc 
ttgccaaaac 
ccaatgaagc 



cattttttca 
atgtagcact 
ttttacactg 
aaaaacagaa 
tcaactggca 
aatagcactc 
catccggctt 
agtatctaca 



ttgttaataa 
araactgaag 
gaggtaggtg 
ttagacctga 
agagaggagc 
ggtgttgcaa 
gaaagtgaag 
ttggggaatg 



cacctcaaca 
gatatctcag 
atgtagagaa 
ccaaaagtgc 
aaattgagaa 
cagcagctgc 
taacagcaat 
gagttcgagt 



cggtcttaaa 
tgttctgagg 
ccttacatgt 
actaagagag 
tcccagacaa 
agttacagca 
taagaatgcc 
gttggcaact 



60 
120 
180 
240 
300 
360 
420 
480 
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gcagtgagag agctgaaaga ttttgtgagc aagaatctaa cacgtgcaat caacaaaaac 540 

aagtgcgaca ttgctgacct gaaaatggcc gttagcrtca gtcaattcaa cagaaggttt 600 

ctaaatgttg tgcggcaatt ttcagacaat gctggaataa caccagcaat atccttggac 660 

ttaatgacag atgctgaact agccagagct gtttccaaca tgccaacatc tgcaggacaa 720 

ataaaactga tgttggagaa ccgtgcaatg gtaagaaga 759 

<210> 40 
<211> 759 
<Z12> DNA 

<233> human metapneumovi rus 
<220> 

<221> gene . 
<222> C15..-C759) 

<223> human metapneumovi rus, strain Quebec Isolate No 
hM.PV-193 

<400> 40 

atgtctxgga aagtggtgat cattttttca ttgttaataa cacctcaaca cggtcttaaa 60 

gagagctatt tagaagagtc atgtagcact ataactgaag gatatctcag tgttctgagg 120 

acaggttggt ataccaacgt ttttacactg gaggtaggtg atgtagagaa ccttacatgt 180 

gctgatggac ctagcttaat aaaaacagaa ttagacctga ccaaaagtgc actaagagag 240 

ctcagaacag rctctgctga tcaactggca agagaggagc aaattgagaa tcccagacaa 300 

tctaqatttg ttctaggagc aatagcactc ggtgttgcaa cagcagctgc agttacagca 360 

ggtgttgcaa ttgccaaaac catccggctt gaaagtgaag taacagcaat taagaatgcc 420 

ctcaaaaagn ccaatgaagc agtatctaca ttggggaatg gagttcgagt gttggcaact 480 

gcaatoagag agctgaaaga ttttgtgagc aagaatctaa cacgtgcaat caacaaaaac 540 

aagtgcgaca ttgctgacct gaaaatggcc gttagcttca gtcaattcaa cagaaggttt 600 

ctaaatgttc tgcggcaatt ttcagacaat gctggaataa caccagcaat atccttggac 660 

ttaatgacay atgctgaact agccagagct gtttccaaca tgccaacatc tgcaggacaa 720 

ataaaactga tgttggagaa ccgtgcaatg gtaagaaga ~ ~~ 759 

<210> 41 
<2H> 759 
<212> DNA 

<213> human metapneumovi rus 
<220> 

<221> gene 

<222> C1D...C759) 

<223> human metapneumovi rus, strain Quebec isolate No 
hMPV-194 

<400> 41 

atgtcttgga aagtggtgat cattttttca ttgttaataa cacctcaaca cggttttaaa 60 

gagagctatt tagaagagtc atgtagcact ataactgaag gatatctcag tgttctgagg 120 

acaggttggt ataccaacgt ttttacactg gaggtaggtg atgtagagaa ccttacatgt 180 

gctgatggac ctagcttaat aaaaacagaa ttagacctga ccaaaagtgc actaagagag 240 

ctcagaacag tttctgctga tcaactggca agagaggagc aaattgagaa tcccagacaa 300 

tctagatttg ttctaggagc aatagcactc ggtgttgcaa cagcagctgc agttacagca 360 

ggtgttgcaa ttgccaaaac catccggctt gaaagtgaag taacagcaat taagaatgcc 420 

ctcaaaaaga ccaatgaagc agtatctaca ttggggaatg gagttcgagt gttggcaact 480 

gcagtgagag agctgaaaga ttttgtgagc aagaatctaa cacgtgcaat caacaaaaac 540 

aagtgcgaca ttgctgacct gaaaatggcc gttagcttca gtcaattcaa cagaaggttt 600 

ctaaatgttg tgcggcaatt ttcagacaat gctggaataa caccagcaat atccttggac 660 

ttaatgacag atgctgaact agccagagct gtttccaaca tgccaacatc tgcaggacaa 720 

ataaaactga tgttggagaa ccgtgcaatg jjtaagaaga y yy*«* /|u 

<210> 42 
<211> 759 
<212> DNA 

<213> . human metapneumovi rus 
<220> 

<2Zl> gene 

<222> CD...C759) 

<223> human ^metapneumovi rus , strain Quebec Isolate No 
<400> 42 

c * ttttttca ttgttaataa cacctcaaca cggtcttaaa 60 
gagagctatt tagaagagtc atgtagcact ataactgaag gatatctcag tgttctgagg 120 
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acaggttggt ataccaacgt ttttacactg gaggtaggtg atgtagagaa ccttacatgt ISO 

gctgatggac ctagcttaat aaaaacagaa ttagacctga ccaaaagtgc actaagagag 240 

ctcagaacag tttctgctga tcaactggca agagaggagc aaattgagaa tcccagacaa 300 

tctagatttg ttctaggagc aatagcactc ggtgttgcaa cagcagctgc agttacagca 360 

ggtgttgcaa ttgccaaaac catccggctt gaaagtgaag taacagcaat taagaatgcc 420 

ctcaaaaaga ccaatgaagc agtatctaca ttggggaatg gagttcgagt gttggcaact 480 

gcagtgagag agctgaaaga ttttgxgagc aagaatctaa cacgtgcaat caacaaaaac 540 

aagxgcgaca ttgctgacct gaaaatggcc gttagcttca gtcaattcaa cagaaggttt 600 

ctaaatgttg tgcggcaatt ttcagacaat gctggaataa caccagcaat atccttggac 660 

ttaatgacag atgcxgaact agccagagct gtttccaaca tgccaacatc tgcaggacaa 720 

ataaaactga xgxtggagaa ccgtgcaatg gtaagaaga " ' 759 

<210> 43 
<211> 759 
<212> DNA 

<213> human metapneumovirus 

<220> 
<221> gene 
<222> CD...C759D 

<223> human metapneumovi rus , strain Quebec Isolate No 
hMPV- 217 

<400> 43 

atgtcxtgga aagtggtgat cattttxxca ttgttaataa cacctcaaca cggtcttaaa 60 

gagagcxaxt xagaagagtc axgtageact- ataactgaag gatatcxcag tgttctgagg 120 

acaggttggt ataccaacgt ttttacactg gaggtaggtg atgtagagaa ccttacatgt ISO 

gctgatggac ctagcttaat aaaaacagaa ttagacctga ccaaaagtgc actaagaqaq 240 

ctcagaacag tttctgctga tcaactggca agagaggagc aaattgagaa tcccagacal 300 

tcxagaxxtg ttctaggagc aatagcactc ggtgttgcaa cagcagctgc agttacagca 360 

ggtgttgcaa ttgccaaaac catccggctt gaaagtgaag taacagcaat taagaatgcc 420 

ctcaaaaaga ccaatgaagc agtatctaca ttggggaatg gagttcgagx gxtoqcaact 480 

gcagtgagag agctgaaaga ttttgxgagc aagaatctaa cacgtgcaat caacaaalac 540 

aagtgcgaca ttgctgacct gaaaatggcc gttagcttca gtcaattcaa cagaaggttt 600 

ctaaatgttg tgcggcaatt ttcagacaat gctggaataa caccagcaat atc«tgiac 660 

ttaatgacag atgctgaact agccagagct gtttccaaca tgccaacatc tgcaggacaa 720 
ataaaactga tgttggagaa ccgtgcaatg gtaagaaga y tgcaggacaa 

<210> 44 
<211> 759 
<212> DNA 

<213> human metapneumovirus 

<220> 
<221> gene 
<222> CD...C759) 

<223> human metapneumovirus, strain Quebec isolate No 
hMPV-208 

<40O> 44 

atgtcxxgga aagtggtgat cattttttca ttgttaataa cacctcaaca cggtcttaaa 60 

gagagctatt tagaagagtc atgtagcact ataactgaag . gatatcxcag tqttctqaqn 120 

acaggttggt ataccaacgt ttttacactg gaggtaggtg atgtagagaa ccttacltax 180 

gctgatggac ctagcttaat aaaaacagaa ttagacctga ccaaaagtgc actaaglgag 240 

£^2X22 ISEZ™ rcaact 99 ca agagaggagc aaattgagaa tcccagacal 300 

tctagatttg ttctaggagc aatagcactc ggtgttgcaa cagcagctgc agxtacaqca 360 

ggtgttgcaa ttgccaaaac catccggctt gaaagtgaag taacagcaat xlaaaatocc 4?n 

ctcaaaaaga ccaatgaagc agtatctaca ttggggaatg gagttcgtgt gScaact 480 

SEESIS SSJSS^S ttttgxgagc aagaaxctaa cacgtgcaat laacSac 540 

aagtgcgaca ttgctgacct gaaaatggcc gttagcttca gtcaattcaa caaaaaattt son 

ctaaatgttg tgcggcaatt ttcagacaat gctggaataa caccagcaat atccttaaac 6fin 

ttaatgacag atgctgaatt agccagagct gtttccaaca tgccaacatc tacaoalcta '7>n 

ataaaactga tgttggagaa ccgtgcaatg gtaagaaga t9Cca * carc tgcaggacaa 720 

<210> 45 
<211> 759 
<:212> DNA 

<213> human metapneumovirus 

<220> 
^221> gene 
<222> (1)...C759) 



i 
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<223> human mexapneumovirus , strain Quebec isolate no 
hMPV-223 



<400> 45 

atgtcttgga 

gagagctatt 

acaggxtgg-t 

gc'tgatggac 

ctcagaacag 

tctagatttfl 

ggtgttgcaa 

ctcaaaaaga 

gcagtgagag 

aagtgcgaca 

ctaaaxgttg 

ttaatgacag 

ataaaactga 



aagtggtgat 
tagaagagtc 
ataccaacgt 
ctagcttaat 
tttctgctga 
ttctaggagc 
rcgccaaaac 
ccaatgaagc 
agctgaaaga 
ttgctgacct 
tgcggcaatt 
axgctgaact 
tgttggagaa 



cattttttca 
atgtagcact 
ttttacactg 
aaaaacagaa 
tcaactggca 
aatagcactc 
catccggctt 
agtatctaca 
ttttgtgagc 
gaaaatggcc 
ttcagacaat 
agccagagct 
ccgtgcaatg 



ttgttaataa 
ataactgaag 
gaggtaggtg 
ttagacctga 
agagaggagc 
ggtgttgcaa 
gaaagtgaag 
ttggggaatg 
aagaatctaa 
gttagcttca 
gctggaataa 
gtttccaaca 
gtaagaaaa 



cacctcaaca 
.gatatctcag 
atgtagagaa 
ccaaaagtgc 
aaattgagaa 
cagcagctgc 
taacagcaat 
gagttcgagt 
cacgtgcaat 
gtcaattcaa 
caccagcaat 
tgccaacatc 



cggtcttaaa 
tgttctgagg 
ccttacatgt 
actaagagag 
tcccagacaa 
agttacagca 
taagaatgcc 
gttggcaact 
caacaaaaac 
cagaaggttt 
atccttggac 
tgcaggacaa 



<210> 46 
<211> 759 
<212> dna 

<213> human met apneumo virus 

<220> • 

<221> gene 

<222> CD...C759) 

<223> ^py"22S taPneUmOVi^US, strain G uebec Isolate No 



<400> 46 

atgtcttgga 

gagagctatx 

acaggttggt 

gctgatggac 

ctcagaacag 

tcxagatttg 

ggtgttgcaa 

ctcaaaaaga 

gcagtgagag 

aagtgcgaca 

ctaaatgxxg 

xxaatgacag 

ataaaactga 



aagtggtgat 
ragaagagtc 
ataccaacgt 
ctagcttaat 
tttctgctaa 
ttctaggagc 
ttgccaaaac 
ccaatgaagc 
agctgaaaga 
ttgctgacct 
tgcggcaatt 
atgctgaacx 
tgttggagaa 



cattttttca 
atgtagcact 
ttttacactg 
aaaaacagaa 
tcaactggca 
aatagcactc 
catccggctt 
agtatctaca 
ttttgtgagc 
gaaaatggcc 
ttcagacaat 
agccagagct 
ccgtgcaatg 



ttgttaataa 
ataactgaag 
gaggtaggtg 
ttagacctga 
agagaggagc 
ggtgttgcaa 
gaaagtgaag 

ttggggaatg 
aagaatctaa 
gttagcttca 
gctggaataa 
gtttccaaca 
gtaagaaga 



cacctcaaca 
gatatctcag 
atgtagagaa 
ccaaaagtgc 
aaattgagaa 
cagcagctgc 
taacagcaat 
gagxtcgagt 
cacgtgcaat 
gtcaattcaa 
caccagcaat 
tgccaacatc 



cggtcttaaa 
tgttctgagg 
ccttacatgt 
actaagagag 
tcccagacaa 
agttacagca 
taagaatgcc 
gttggcaact 
caacaaaaac 
cagaaggttt 
atccttggac 
tgcaggacaa 



<210> 47 
<211> 759 
<212> DNA 

<213> human metapn eumovl rus 
<220> 

<221> gene 

<222> (D...C759) 

<223> human metapn euvovi rus, strain Quebec Isolate No 



<400> 47 

atgtcttgga 

gagagctaxx 

acaggttggt 

gctgatggac 

ctcagaacag 

tctagatttg 

ggtgttgcaa 

ctcaaaaaga 

gcagtgagag 

aagtgcgaca 

ctaaatgttg 

ttaatgacag 

ataaaactga 

<210> 48 
<211> 759 



aagtggtgat 
tagaagagtc 
ataccaacgt 
ctagcttaat 
tttctgctga 
ttctaggagc 
ttgccaaaac 
ccaatgaagc 
agctgaaaga 
ttgctgacct 
tgcggcaatt 
axgctgaact 
tgttggagaa 



cattttttca 
atgtagcact 
txxxacactg 
aaaaacagaa 
tcaactggca 
aatagcactc 
catccggctt 
agtatctaca 
ttttgtgagc 
gaaaatggcc 
ttcagacaat 
agccagagct 
ccgtgcaatg 



ttgttaataa 
ataactgaag 
gaggtaggtg 
ttagacctga 
agagaggagc 
ggtgttgcaa 
gaaagtgaag 
ttggggaatg 
aagaatctaa 
gttagcttca 
gctggaataa 
gtttccaaca 
gtaagaaga 



cacctcaaca 
gatatctcag 
atgtagagaa 
ccaaaagtgc 
aaattgagaa 
cagcagctgc 
taacagcaat 
gagttcgagt 
cacgtgcaat 
gtcaattcaa 
caccagcaat 
tgccaacatc 



cggtcttaaa 
tgttctgagg 
ccttacatgt 
actaagagag 
tcccagacaa 
agttacagca 
taagaatgcc 
gttggcaact 
caacaaaaac 
cagaaggttt 
atccttggac 
tgcaggacaa 



60 
120 
180 
240 
300 
360 
420 
480 
540 
600 
660 
720 
759 



60 
120 
ISO 
240 
300 
360 
420 
480 
540 
600 
660 
720 
759 



60 
120 
180 
240 
.300 
360 
420 
480 
540 
600 
660 
720 
759 
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<212> DNA 

<213> human metapneumovi rus 

<220> . 

<221> Ofi^e 

<222* ?1)---C759) 

<223> human metapneumovi rus, strain Quebec isolate No 
C-60298 

<400> 48 

atgtcttgga aagtggtgat cattttttca ttgttaataa cacctcaaca cggtcttaaa 60 

gagagctatt tagaagagtc atgtagcact ataactgaag gatatctcag tgttctgagg- .120 

acaggttggt ataccaacgt ttttacactg gaggtaggtg atgtagagaa ccttacatgt 180 

gctgatggac ctagcttaat aaaaacagaa ttagatctga ccaaaagtgc actaagagag 240 

ctcagaacag rrtctgctga tcaactggca agagaggagc aaattgagaa tcccagacaa 300 

tctagatttg ttctaggagc aatagcactc ggtgttgcaa cagcagctgc agttacagca 360 

ggtgttgcaa ttgccaaaac catccggctt gaaagtgaag taacagcaat taagaatgcc 420 

ctcaaaaaga ccaatgaagc agtatctaca trtggggaatg gagttcgagt gttggcaact 480 

gcagtgaggg aactgaaaga ttttgtgagc aagaatctaa cacgtgcaat caacaaaaac 540 

aagtgcgaca ttgctgacct gaaaatggcc gtxagcttca gtcaattcaa cagaaggttt 600 

ctaaatgttg tgcggcaatt ttcagacaat gctggaataa caccagcaat atccttggac 660 

ttaatgacag atgctgaact agccagagct gtrcccaaca tgccaacatc tgcaggacaa 720 

ataaaactga tgttggagaa ccgtgcaatg gtaagaaga 759 

<210> 49 ■ 
<2ll> 759 
<212> DNA 

<213> human metapneumovi rus 
<220> 

<22l> gene 

<222> CD -..(759) 

<223> human metapneumovi rus , strain Quebec isolate No 
C-63778 

<400> 49 

atgtcttgga aagtggtgat tatcatttcg ttactcataa cacctcaaca cqgactaaag 60 

gaaagttatt tagaagaatc atgtagtact ataactgaag gatatctcag tqttttaaga 120 

acaggttggt acaccaatgt ctttacatta gaagttggtg atgttgaaaa tcttacatgt 180 

actgatggac ctagcttaat caaaacagaa cttgacctaa ccaaaagtgc tctaagagaa 240 

ctcaaaacag tttctgctga tcagttagcg agagaagaac aaattgaaaa tcccagacaa 300 

tcaaggtttg tcctaggtgc aatagctctt ggtgttgcca cagcagcagc agtcacagca 360 

ggcattgcga tagccaaaac cataaggctt gagagtgaag tgaatgcaat caaaggtgct 420 
ctcaaaacaa ccaacgaggc agtatccaca ctaggaaatg gagtgcgagt cctagccacc ' 480 

gcagtaagag agctgaaaga atttgtgagc aaaaacctga ctagtgcaat taacaagaac 540 

aaatgtgaca ttgctgatct gaagatggct gtcagcttca gtcaattcaa cagaagattc 600 

ctaaatgttg tgcggcagtt ttcagacaat gcagggataa caccagcaat atcattggac 660 

ctaatgactg atgctgagct ggccagaact gtatcataca tgccaacatt tgcaggacag 720 

ataaaactaa tgttagagaa ccgtgcaatg gtaagaaga 759 

<210> 50 
<211> 759 
<212:> DNA 

<213> human metapneumovi rus 
<220> 

<Z21> gene 

<222> ID... (759) 

<223> human metapneumovi rus, strain Quebec isolate No 
O 64199 

<400> 50 

atgtcttgga aagtggtgat tatcatttcg ttactcataa cacttcagca cggactaaaa 60 

gaaagttatt tagaagaatc atgtagtact ataactgaag gatatctcag tgttttaaga 120 

acaggttggt acaccaatgt ctttacatta gaagttggtg atgttgaaaa tcttacatgt 180 

actgatggac ctagcttaat caaaacagaa cttgacctaa ccaaaagtgc tctaagaqaa 240 

ctcaaaacag tttctgctga tcagttagcg agagaagaac aaattgaaaa tcccagacaa 300 

tcaaggtttg tcctaggtgc aatagctctt ggtgttgcca cagcagcagc agtcacagca 360 

ggcattgcga tagccaaaac cataaggctt gaglgtgaag tgaatgcaat caaagatgct 420 

ctcaaaacaa ccaacgaggc agtatccaca ctaggaaatg gagtgcgagt cctagccacc 480 

gcagtaagag agctgaaaga atttgtgagc aaailcctga ctagtgcaat taacaagaac 540 

aaatgtgaca ttgctgatct gaagatggct gtcagcttca gtcaattcaa cagaagatlc 600 
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ctaaatgttg tgcggcagtt ttcagacaat gcagggataa caccagcaat atcattggac 
ctaatgactg atgctgagct ggccagagct gtatcataca tgccaacatc tgcaggacag 
ataaaactaa tgttagagaa ccgtgcaatg gtaagaaga 

<210> 51 
<211> 759 
<212> DNA 

<213> human metapneumovi rus 

<220> 
<22l> .gene 

<222> CD... (759) . . • 

<223> human metapneumovirus, strain Quebec Isolate No 
C- 64200 



660 
720 
759 



<40G> 51 

atgtcttgga 

gaaagttaxx 

acaggttggt 

actgatggac 

ctcaaaacag 

tcaaggtttg 

ggcattgcga 

cxcaaaacaa 

gcagtaagag 

aaatgtgaca 

ctaaatgttg 

ctaatgactg 

ataaaactaa 



aagtggtgat 
tagaagaatc 
acaccaatgt 
ctagcttaat 
tttctgctga 
tcctaggtgc 
tagccaaaac 
ccaacgaggc 
agctgaaaga 
ttgctgatct- 
tgcggcagtt 
atgctgagct 
tgttagagaa 



tat cat tt eg 
atgtagtact 
ctttacatta 
caaaacagaa 
tcagtt.agcg 
aatagctctt 
cataaggctt 
agtatccaca 
attxgtgagc 
gaagatggct 
ttcagacaat 
ggccagagct 
ccgtgcaaxg 



ttactcataa 
ataactgaag 
gaagttggtg 
cttgacctaa 
agagaagaac 
ggtgttgcca 
gagagtgaag 
ctaggaaatg 
aaaaacctga 
gtcagcttca 
gcagggataa 
gtatcataca 
gtaagaaga 



cacctcagca 
gatatctcag 
atgttgaaaa 
ccaaaagtgc 
aaattgaaaa 
cagcagcagc 
tgaatgcaat 
gagtgcgagt 
ctagtgcaat 
gtcaattcaa 
caccagcaat 
tgccaacatc 



eggactaaaa 
tgttttaaga 
tcttacatgt 
tctaagagaa 
tcccagacaa 
agtcacagca 
caaaggtget 
cctagccacc 
taacaagaac 
cagaagattc 
atcattggac 
tgcaggacag 



60 
120 
180 
240 
300 
360 
420 
480 
540 
600 
660 
720 
759 



<210> 52 
<211> 759 
<212> DNA 

<213> human metapneumovl rus 

<220> 

<221> gerie 

<222> U)...C759^ 

<223> human metapneumovl rus , strain Quebec isolate No 
C-64536 



<400> 52 

axgtcttgga 

gaaagttaxt 

acaggttggt 

actgatggac 

ctcaaaacag 

tcaaggtttg 

ggcattgcga 

ctcaaaacaa 

gcagtaagag 

aaatgtgaca 

ctaaatgttg 

ctaatgactg 

ataaaactaa 



aagtggtgat 
tagaagaatc 
acaccaatgt 
ctagcttaat 
tttctgctga 
tcctaggtgc 
tagccaaaac 
ccaacgaggc 
agctgaaaga 
ttactgatct 
tgcggcagtt 
atgctgagct 
tgttagagaa 



xatcatttcg 
atgtagtact 
crttacatta 
caaaacagaa 
tcagttagcg 
aatagctctt 
cataaggctt 
agtatccaca 
atttgtgagc 
gaagatggct 
ttcagacaat 
ggccagagct 
ccgtgcaatg 



ttactcataa 

ataactgaag 

gaagttggtg 

cttgacctaa 

agagaagaac 

ggtgttgcca 

gagagtgaag 

ctaggaaatg 

aaaaacctga 

gtcagcttca. 

gcagggataa 

gtatcataca 

gtaagaaga 



cacctcagca 
gatatctcag 
atgttgaaaa 
ccaaaagtgc 
aaattgaaaa 
cagcagcagc 
tgaatgcaat 
gagtgcgagt 
ctagtgcaat 
gtcaattcaa 
caccagcaat 
tgccaacatc 



eggactaaaa 
tgttttaaga 
tcttacatgt 
tctaagagaa 
tcccagacaa 
agtcacagca 
caaaggtget 
cctagccacc 
taacaagaac 
cagaagattc 
atcattggac 
tgcaggacag 



<210> 53 
<211> 759 

<Z12> DNA 

<213> human mexapneumo virus 
<220> 

<221> gene 
<222> CD... (759) 
<223> human metapneumovi rus , 
C-73769 



60 
120 
180 
240 
300 
360 
420 
480 
540 
600 
660 
720 
759 



strain Quebec isolate No 



<400> 53 

atgtcttgga aagtggtgat xatcatttcg ttacrcatac cacttcagca eggactaaaa 60 

gaaagttatt tagaagaatc atgtagtact ataactgaag gatatctcag tgttttaaga 120 

ccaggttggt acaccaatgt ctxxacaxxa gaagttggtg atgttgaaaa tcttacatgt 180 

actgatggac ctagcttaat caaaacagaa cttgacctaa ccaaaagtgc tctaagagaa 240 
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ctcaaaacag 
tcaaggtttg 
ggcartgcga 
ctcaaaacaa 
gcagtaagag 
aaatgtgaca 
ctaaatgttg 
ctaatgactg 
axaaaactaa 



tttctgctga 
tcctaggtgc 
tagccaaaac 
ccaacgaggc 
agtrgaaaga 
ttgctgatct 
tgcggcagtt 
atgctgagct 
tgttagagaa 



tcagttagcg 
aatagctctt 
cataaggctt 
agtatccaca 
atttgtgagc 
gaagatggct 
ttcagacaat 
ggccagagct 
ccgtgcaatg 



agagaagaac 
ggtgttgcca 
gagagtgaag 
ctaggaaatg 
aaaaacctga 
gtcagcttca 
gcagggataa 
gtatcataca 
gtaagaaga 



23/52 
aaattgaaaa 
cagcagcagc 
tgaatgcaat 
gagtgcgagt 
ctagtgcaat 
gtcaattcaa 
caccagcaat 
tgccaacatc 



tcccagacaa 
agtcacagca 
caaaggtgct 
cctagccacc 
taacaagaac 
cagaagattc 
atcattagac 
tgcaggacag 



<21Q> 54 
<211> 759 
<212> DNA 

<213> human metapneumovi rus 
<22G> 

<221> gene ■ 
<222> IX) . . . C759) 

<223> human metapneumovi rus , strain Quebec isolate No 



<400> 54 

axgtcttgga 

gaaagttatt 

acaggttggt 

actgatggac 

ctcaaaacag 

tcaaggtttg 

ggcattgcga 

ctcaaaacaa 

gcagtaagag 

aaatgtgaca 

ctaaatgttg 

ctaatgactg 

axaaaactaa 



aagtggtgat 
tagaagaatc 
acaccaatgt 
ctagcttaat 
tttctgctga 
tcctaggtgc 
tagccaaaac 
ccaacgaggc 
agcxgaaaga 
ttgctgatct 
tgcggcagtt 
atgctgagct 
tgttagagaa 



tatcatttcg 
atgtagtact 
ctttacatta 
caaaacagaa 
tcagttagcg 
aatagctctt 
cataaggctt 
agtatccaca 
atttgtgagc 
gaagatggct 
ttcagacaat 
ggccagagct 
ccgtgcaatg 



ttactcataa 
ataactgaag 
gaagttggtg 
cttgacctaa 
agagaagaac 
ggtgttgcca 
gagagtgaag 
ctaggaaatg 
aaaaacctga 
gtcagcttca 
gcagggataa 
gtatcataca 
gtaagaaga 



cacttcagca 
gatatctcag 
atgttgaaaa 
ccaaaagtgc 
aaattgaaaa 
cagcagcagc 
tgaatgcaat 
gagtgcgagt 
ctagtgcaat 
gtcaattcaa 
caccagcaat 
tgccaacatc 



cggactaaaa 
tgttttaaga 
tcttacatgt 
tctaagagaa 
tcccagacaa 
agtcacagca 
caaaggtgct 
cctagccact 
taacaagaac 
cagaagattc 
atcattagac 
tgcaggacag 



<210> 55 
<211> 759 
<212> DNA 

<213> human metapneumovi rus 

<220* 
<221> gene 
<222> CD... (759) 

<223> human^metapneumovirus, strain Quebec isolate No 



<400> 55 

atgtcttgga 

gagagttatt 

acaggctggt 

actgatggac 

ctcaaaacag 

tcaagatttg 

ggcattgcaa 

ctcaaacaaa 

gcagtgagag 

aaatgtgaca 

ctcaatgtxg 

ctaatgactg 

ataaaactga 



aagtggtgtt 
tggaagaatc 
acattaatgt 
ctagcttaat 
tctctgctga 
tcctaggtgc 
tagccaaaac 
ctaatgaagc 
agctaaaaga 
ttgctgatct 
tgcggcagtt 
atgctgaatt 
tgttggagaa 



catcatttcg 
atgcagtact 
cttcacatta 
caaaacagaa 
tcagttagcg 
aatagctctc 
cataaggctt 
agtatccaca 
atttgtgagc 
gaagatggct 
ttcagacaat 
ggccagagct 
ccgtgcaatg 



ttactcataa 
ataactgagg 
gaagttggtg 
cttgacctaa 
agagaggagc 
ggagtxgcta 
gagagtgagg 
ttaggaaatg 
aaaaatctga 
gtcagcttca 
gcagggataa 
gtatcataca 
gtaagaaga 



caccccagca 
gatacctcag 
atgttgaaaa 
caaaaagtgc 
aaattgaaaa 
cagcagcagc 
tgaatgcaat 
gtgtgcgggt 
ctagtgcaat 
gtcaattcaa 
caccagcaat 
tgccaacatc 



cgggctaaag 
tgttttaaga 
tcttacatgt 
tttaagggaa 
tcccagacaa 
agtcacagca 
taaaggtgct 
cctagccact 
caacaggaac 
cagaagattt 
atcattggac 
tgcaggacag 



<210> 56 
<211> 759 
<212> DNA 

<213> human metapneumovi rus 

<220> 
<221> gene 

<222> CO...C759) , 

<223> human ^metapneumovi rus, strain Quebec Isblate no 



300 
360 
420 
480 
540 
600 
660 
720 
759 



60 
120 
180 
240 
300 
360 
420 
480 
540 
600 
660 
720 
759 



60 
120 
ISO 
240 
300 
360 
420 
480 
540 
600 
660 
720 
759 
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atqtcttgga aagtggtgat catcatttcg ttactcataa caccccagca cgggctaaag SO 

aaqagttatx tggaagaatc atgcagtact ataactgagg gatacctcag tgttttaaga 120 

acgggctggt acaccaatgt cttcacatta gaagttggtg atgttgaaaa tcttacatgt 180 

actgatggac .ctagcttaat caaaacagaa cttgacctaa caaaaagtgc tttaagggaa 240 

ctcaaaacaa tctcxgctga tcagttaacg agagaggagc aaattgaaaa tcccagacaa 300 
rcaagatttg tcctaggtgc aatagcxctc ggagttgcta cagcagcagc agtcacagca . 360 

qgcattgcaa tagccaaaac cataaggctt gagagtgagg tgaatgcaat taaaggtgct 420 

cxcaaacaaa ctaatgaagc agtatccaca ttaggaaatg gtgtgcgggt cctagccact 480 

gcagtgagag agctaaaaga atttgtgagc aaaaatctga ctagtgcaat caacaggaac 540 

aaatgtgaca ttgctgatct gaagatggct gtcagcttca gtcaattcaa cagaagattt 600 

ctaaatgttg tgcggcagtt. ttcagacaat gcagggataa caccagcaat atcattggac 660 

ctaatgactg atgctgaatt ggccagagct gtatcataca tgccaacatc tgcaggacag 720 

ataaaactga tgttggagaa ccgtgcaatg gtaagaaga 759 

<210> 57 
<2I1> 7 59 
<212> DNA 

<213> human metapneumovi rus 

<220> 
<221> gene 

<222> CD--C759) b 
<223> human metapneumovi rus , strain Quebec Isolate No 
hMPV-118 

<400> 57 , ■ 

atgtcttgga aaggggtgat tatcatttcg ttacxcataa cacctcagca cggactaaaa 60 

gaaagttatt tagaagaatc atgtagtact ataactgaag gatatctcag tgttttaaga 120 

acaggttggt acaccaatgt ctttacatta gaagttggtg atgttgaaaa tcttacatgt 180 

actgatggac ctagcttaat caaaacagaa cttgacctaa ccaaaagtgc tctgagagaa 240 

cccaaaacag tttctgctga tcagttaacg agagaagaac aaattgaaaa tcccagacaa 300 

tcaaggtttg tcctaggtgc aatagctctt ggtgttgcca cagcagcagc agtcacagca 360 

ggcaxtgcga tagccaaaac cataaggctt gagagtgaag tgaatgcaat caaaggtgct 420 

ctcaaaacaa ccaacgaggc agtatccaca ctaggaaatg gagtgcgagt cctagccacc 480 

gcagtaagag agctgaaaga atttgtgagc aaaaacctga ccagtgcaat taacaagaac 540 

aaatgtgaca ttgctgatct gaagatggct gtcagcttca gtcaattcaa cagaagattc 600 

ctaaatgttg tgcggcagtt ttcagacaat gcagggataa caccagcaat atcattagac 660 

ctaatgactg atgctgagct ggccagagct gtatcataca tgccaacatc tgcagggcag 720 

ataaaactaa xgttagagaa ccgtgcaatg gtaagaaga 759 

<210> 58 
<211> 759 
<212> DNA 

<213> human metapneumo virus 

<220> 
<22l> gene 
<222> CW-..C759) 

<223> human metapneumovirus , strain Quebec isolate No 
hMPV-200 

<400> 58 

atgtcttgga aagtggtgat cattttttcg ttactcataa cacctcagca cggactaaaa 60 

gaaagttatt tagaagaatc atgtagtact ataactgaag gatatctcag tgttttaaga 120 

acaggttggt acaccaatgt ctttacatta gaagttggtg atgttgaaaa tcttacatgt 180 

actgatggac ctagcttaat caaaacagaa cttgacctaa ccaaaagtgc tctaagagaa 240 

ctcaaaacag tttctgctga tcagttaacg agagaagaac aaattgaaaa tcccagacaa 300 

tcaaggtttg tcctaggtgc aatagctctt ggtgttgcca cagcagcagc agtcacagca 360 

ggcattgcga tagccaaaac cataaggctt gagagtgaag tgaatgcaat caaaggtgct 420 

ctcaaaacaa ccaacgaggc agtatccaca ctaggaaatg gagtgcgagt cctagccacc 480 

gcagtaagag agctgaaaga atttgtgagc aaaaacctga ccagtgcaat taacaagaac 540 

aaatgtgaca ttgctgatct gaagatggct gtcagcttca gtcaattcaa cagaagattc 600 

ctaaatgttg tgcggcagtt ttcagacaat gcagggataa caccagcaat atcattagac 660 

ctaatgactg atgctgagct ggccagagct gtatcataca tgccaacatc tgcagggcag 720 

ataaaactaa tgttagagaa ccgtgcaatg gtaagaaga " 759 

<210^ 59 

<212> 759 

<212> DNA 

<213> human metapneumovirus 
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<220> 
<221> gene 
<222> ?!)... C759) 

<223> human metapneumovi rus , strain Quebec isolate No 
hMPV-176 



<400> 59 

atgtcttgga 

gaaagttatt 

acaggttggt 

actgatggac 

ctcaaaacag 

tcaaggtttg 

ggcattgcaa 

ctcaaaacaa 

gcagtaagag 

aaatgrgaca 

ctaaatgttg 

ctgatgactg 

ataaaactaa 



aagtggtgat 
tagaagaaxc 
acaccaatgt 
ctagcttaat 
tttctgccga 
tcctaggtgc 
tagccaaaac 
ccaatgaggc 
agctgaaaga 
ttgctgattt 
tgcggcagtt 
atgctgagct 
xgxtagagaa 



tatcatttcg 
atgtagtact 
ctttacatta 
caaaacagaa 
tcagttagcg 
aatagctctc 
tataaggctt 
agtatcaaca 
atttgtgagc 
gaagaxggct 
xxcagacaat 
ggccagagct 
ccgtgcaatg 



ttactcataa 
ataactgaag 
gaagttggtg 
cttgacctaa 
agagaagaac 
ggagttgcca 
gagagtgaag 
ctaggaaatg 
aaaaacctga 
gtcagcttca 
gcagggataa 
gtatcataca 
gtaagaaga 



cacctcagca 
gatatctcag 
atgttgaaaa 
ccaaaagtgc 
aaattgaaaa 
cagcagcagc 
tgaatgcaat 
gagtgcgggt 
ctagtgcgat 
gtcagttcaa 
caccagcaat 
tgccaacatc 



cggacxaaaa 
tgttctaaga 
tcttacaxgt 
tttaagagaa 
tcccagacaa 
agtcacagca 
caaaggtgct 
cctagccact 
caacaagaac 
cagaagattc 
atcattggac 
tgcaggacag 



<21Q> 60 
<211> 711 
<212> DNA 

<213> human metapneumovi rus 

<220> 
<221> gene 
<222> CD.-.C711) 
<223> human metapneumovi rus, 
hMPV-193 



strain Quebec Isolate No 



<400> 60 

axggaggtga 

cgtgtggcac 

ttgagtatag 

gaatcagaac 

cccatggact 

ggctccacac 

ccaaacacaa 

agaacaaaga 

caxrccccac 

agcacaagaa 

aaacacgaag 

aggaaggtca 



aagtggagaa 
gcagcaaatg 
ccctcaatat 
atcacaccag 
acccagacac 
tetactxxgc 
caagccgccc 
caagtccggc 
catgggcaat 
aaagaccgtc 
aagcaagccc 
xggaggccag 



cattcgaaca 
ctttaaaaat 
ctatctgatc 
ctcatcaccc 
caatccaggc 
agcctcagca 
gcccttcgtc 
agtccacaca 
gacaaggacg 
tacagcatca 
agtgagcccg 
cacatcaaca 



atagatatgc 
gcctctttga 
ataaactata 
atggaatcca 
tcacagtatc 
agctcaccag 
gacacacaca 
aaaaacaatc 
gtccgcggaa 
gtccaacctg 
caaacatctg 
acatacaatc 



tcaaagcaag 
tcctaatagg 
caatgcaaga 
gcagggaaac 
caactcaaca 
agacagaacc 
caacaccacc 
caaggataag 
ccaccactct 
acagcagcgc 
caagcacagc 
aaactagtta 



agtgaaaaat 
aaxaactaca 
aaacacatcc 
tccaacggtc 
gtccacagaa 
aacatcaaca 
aagtgcaagc 
cctcagaaca 
ccgcacaagc 
aacaacccac 
aagaccacaa 
a 



<210> 61 

<211> 711 ' " 

<212> DNA 

<213> human metapneumovi rus 

<22D> 
<221> gene 
<222> CI).-. (711) 

<223> human metapneumovi rus, strain Quebec isolate No 
hMPV-228 



<400> 61 

atggaggtga 

cgtgtggcac 

ttgagtatag 

gaatcagaac 

cccatggact 

ggctccacac 

ccaaacacaa 

agaacaaaga 

cattccccac 

agcacaagaa 

aaacacgaag 

aggaaggxca 



aagtggagaa 
gcagcaaatg 
ccctcaatat 
atcacaccag 
acccagacac 
tctactttgc 
caagccgccc 
caagtccggc 
catgggcaat 
aaagaccgtc 
aagcaagccc 
tggaggccag 



cattcgaaca 
ctttaaaaat 
ctatcxgaxc 
ctcatcaccc 
caatccaggc 
agcctcagca 
gcccttcgtc 
agtccacaca 
gacaaggacg 
tacagcatca 
agtgagcccg 
cacatcaaca 



atagatatgc 
gcctcxttga 
ataaactata 
atggaatcca 
tcacagtatc 
agctcaccag 
gacacacaca 
aaaaacaatc 
gtccgcggaa 
gtccaacctg 
caaacatctg 
acatacaatc 



tcaaagcaag 
tcctaatagg 
caatgcaaga 
gcagggaaac 
caactcaaca 
agacagaacc 
caacaccacc 
caaggataag 
ccaccactct 
acagcagcgc 
caagcacagc 
aaactagtta 



agtgaaaaat 
aataactaca 
aaacacatcc 
tccaacggtc 
gtccacagaa 
aacatcaaca 
aagxgcaagc 
cctcagaaca 
ccgcacaagc 
aacaacccac 
aagaccacaa 
a 



60 
•120 
180 
240 
300 
360 
420 
480 
540 
600 
660 
720 
7S9 



60 
120 
ISO 
240 
300 
360 
420 
480 
540 
6O0 
660 
711 



60 
120 
180 
240 
300 
3'60 
420 
480 
540 
600 
660 
711 
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<2l0> 62 
<211> 711 
<212> DNA 

<213> human metapneumovi rus 
<220> 

<221> gene 

<222> CU-..-C71U . 
<223> human metapneumovi rus , strain Quebec isolate No 
C-7774& . 

<40Q> 62 

atggaggtga aagtggagaa cattcgaaca atagatatgc tcaaagcaag agtgaaaaat 60 

cgtgtggcac gcagcaaatg ctttaaaaat gcctctttga tcctaatagg aataactaca 120 

ttgagtatag ccctcaatat ctatctaatc ataaactata caatgcaaga aaacacatcc 180 

gaatcagaac atcacaccag ctcatcaccc atggaatcca gcagggaaac tccaacagtc 240 

cctatggaca actcagacac caatccaggc tcacagtatc caactcaaca gtccacagaa 300 

ggctccacac tctactttgc agcctcagca agctcaccag agacagaacc aacatcaaca 360 

ccagacacaa caagccgccc gcccttcgtc gacacacaca caacaccacc aagtgcaagc 420 

agaacaagga caagtccggc agtccacaca aaaaacaatc caaggacaag ccccagaaca 480 

cattccccac catgggcaat gacaaggacg gtccgtggaa ccaccactct ccgcacaagc 540 

agcacaagaa aaagaccgtc tacagcatca gtccaacctg acagcagcgc aacaacccac 600 

aaacacgaag aagcaagccc agtgagcccg caaacatctg cgagcacagc aagaccacaa 660 

aggaagggca tggaggccag cacaxcaaca acatacaacc aaactagtta a 711 

<210> 63 

<2ii> 7ii 

<212> DNA 

<213> human metapneumovi rus 
<220> 

<221> gene 

<222> ?1) . . . C711) 

<223> human metapneumovi rus , strain Quebec Isolate No 
C-78132 

<400> 63 

atggaggtga aagtggagaa cattcgaaca atagatatgc tcaaagcaag agtgaaaaat 60 

cgtgtggcac gcagcaaatg ctttaaaaat gcctctttga tcctaatagg aataactaca 120 

ttgagtatag ccctcaacat ctatctgatc ataaactata caatgcaaga aaacacatcc 180 

gaatcagaac atcacaccag ctcatcaccc atggaatcca gcagggaaac tccaacggtc 240 

cctatagaca actcagacac caatccaggc tcacagtatc caactcaaca gtccacagaa 300 

ggctccacac tccactttgc agcctcagca agctcaccag agacagaacc aacatcaaca 360 
ccagacacaa caagccgccc gcccttcgtc gacacacaca caacaccacc aagtgcaagc . 420 

agaacaagga caagtccggc agtccacaca aaaaacaatc taaagataag ccccagaata 480 

cattccccac catgggcaat gacaaggacg gtccgtggaa ccaccactct ccgcacaagc 540 

agcacaagaa aaagaccgtc tacagcatca gtccaacctg acagcagcac aacaactcac 600 

aaacacgaag aagcaagccc agtgagccca caaacatctg caagcacagc aagaccacaa 660 

aggaagggca tggaggccag cacatcaaca acatacaacc aaactagtta a 711 

<210> 64 . 
<211> 711 
<212> DNA 

<213> human metapneumovi rus 
<220> 

<221> gene 

<222> CI) . . - C711) 

<223> human metapneumovi rus , strain Quebec isolate no 
C-78406 

<400> 64 

atggaggtga aagtggagaa cattcgaaca atagatatgc tcaaagcaag agtgaaaaat 60 

cgtgtggcac gcagcaaatg ctttaaaaat gcctctttga tcctaatagg aataactaca 120 

ttgagtatag ccctcaacat ctatctgatc ataaactata caatgcaaga aaacacatcc 180 
gaatcagaac atcacaccag ctcatcaccc atggaatcca gcagggaaac tccaacggtc • 240 

cctatagaca actcagacac caatccaggc tcacagtatc caactcaaca gtccacagaa 300 

ggctccacac tccactttgc agcctcagca agctcaccag agacagaacc aacatcaaca 360 

ccagacacaa caagccgccc gccctttgtc gacacacaca caacaccacc aagtgcaagc 420 

agaacaagga caagtccggc agtccacaca aaaaacaatc taaagataag ccccagaata 480 

cattccccac catgggcaat gacaaggacg gtccgtggaa ccaccactct ccgcacaagc 540 

agcacaagaa aaagaccgtc tacagcatca gtccaacctg acagcagcac aacaactcac 600 
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aaacacgaag aagcaagccc agtgagccca caaacatctg caagcacagc aagaccacaa 660 
aggaagggca tggaggccag cacatcaaca acatacaacc aaactagtta a. ' 711 

<210> 65 
<211> 711 
<212> DNA 

<213> human metapneumovi rus 
<220> 

<221> gene 
<222> 

<223> human metapneumovi rus, strain Quebec Isolate No 
C-73750 

<400> 65 

atggaggtga aagtggagaa cattcgaaca atagatatgc tcaaagcaag agtgaaaaat 60 

cgtgtggcac gcagcaaatg ctttaaaaat gccrctttga tcctaatagg aataactaca 120 

rtgagtatag ccctcaacat ctatctgatc ataaactata caatgcaaga aaacacatcc 180 

gaatcagaac atcacaccag ctcatcaccc atggaatcca gcagggaaac tccaacggtc 240 

cctatagaca actcagacac caatccaggc tcacagtatc caactcaaca gtccacagaa 300 

ggrtccacac tccactttgc agcctcagca agctcaccag agacagaacc aacatcaaca 360 

ccagacacaa caagccgccc gcccttcgtc gacacacaca caacaccacc aagtgcaagc - -420 

agaacaagga caagtccggc agtccacaca aaaaacaatc taaagataag ccccagaaca 480 

cattccccac catggccaat gacaaggacg gtccgtggaa ccaccactct ccgcacaagc 540 

aacataaqaa aaagaccgic cacagcatca gtccaacctg acagcagcac aacaacccac 600 

aaacacgaag aagcaagccc agrgagccca caaacatctg caagcacagc aagaccacaa 660 

aggaagggca tggaggccag cacatcaaca acacacaacc aaactagtta a 711 

<2I0> 66 
<2U> 660 
<212> DNA 

.<213> human metapneumovi rus 
<220> 

<221> aene 

<222> U)-..C660) 

<223> human metapneumovi rus, strain Quebec isolate NO 
O6029S 

<400> 66 

atggaggtga aagtggagaa cattcgagca atagacatgc tcaaagcaag agtgaaaaat 60 

cgtgtggcac gtagcaaatg ctttaaaaat gcttctttaa tcctcatagg aataactaca 120 

ctgagtatag ctctcaatat ctatctgatc ataaactaca caatacaaaa aacctcatct 180 

gaatcagaac accacaccag ctcaccaccc acagaatcca acaaggaagc ttcaacaatc 240 

tccacagaca acccagacat caatccaaac tcacagcatc caactcaaca gtccacagaa 300 

aaccccacac tcaaccccgc agcatcagtg agcccatcag aaacagaacc agcatcaaca 360 

ccagacacaa caaaccgcct gtcctccgta gacaggtcca cagcacaacc aagtgaaagc 420 

agaacaaaga caaaaccgac agtccacaca agaaacaacc caagcacagc ttccaqtaca 480 

caatccccac cacgggcaac aacgaaggca atccgcagag ccaccacttt ccgcatgagc 540 

agcacaggaa aaagaccaac cacaacatca gtccagtccg acagcagcac cacaaeccaa 600 

aatcatgaag aaacaggttc agcgaaccca caggcatctg taagcacaat gcaaaactag 660 

<210> 67 
<211> 654 
<212> DNA 

<213> human metapneumovi rus 
<220> 

<221> gene 
<222> CD...C654) 

<223> human metapneumovi rus, strain Quebec isolate no 
C- 747 S3 

<400> 67 

S§2Sif^ 9 2 a 29tggagaa cattcgagca atagacatgc tcaaagcaag agtgaaaaat 60 

cgtgtggcat gtagcaaatg ctttaaaaat gcttctttaa tcctcatagg aataactaca 120 

ctgagtatag ctctcaatat ctatttgatc ataaaccaca caatacaaaa aaccacatct 180 

gaatcagaac accacaccag ctcaccaccc acagaatcta acaagalagc ttcatcaatc 240 

tccacagaca acccagacat caatccaaac tcacagcatc caactcaaca gtctacagaa 300 

aaccccacac tcaaccccgc agtatcaaca agcccatcag aaacagaacc aacatcalca 360 

ccagacacaa. caaaccgcct gtcctccgta gacaggtcca cagcacaacc uotaaara 420 

agaacaaaga caaaatcgac agtccacaca agaaacaacc caagcacagc ttccagS^a 480 
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taatccccac cacgggcaac aacgaaggca atccgcagag ccaccactxt ccgcatgagc 
agcacagaaa aaagaccaac cacaacacta gtccagtacg acagcagcac cacaacccaa 
aatcatgaag aaacaggttc agcgaaccca caggcatctg caagcacaat gtaa 

<210> 68 
<211> 660 
<212> Dna 

<213> human metapneumovi rus 
<220> 

<223> gene „ ^ 
<222> CD...C660) 

<223> human metapneumovirus, strain Quebec Isolate no 
C-74549 



540 
600 
654 



<400:> 68 

atggaggtga 

cgtgtggcac 

ctgagcatag 

gaatcagaac 

tccacagaca 

aaccccacac 

ccagacacaa 

agaacaaaga 

caatccccac 

agcacagaaa 

aatcatgaag 



aagtggagaa 
gtagcaaatg 
ctctcaatat 
accacaccag 
acccagacat 
tcaaccccgc 
caaaccgcct 
caaaatcgac 
cacgggcaac 
aaaqaccaac 
aaacaggttc 



cattcgagca 
cttcaaaaat 
ccacctgatc 
ctcaccaccc 
caatccaaac 
agtatcaaca. 
gtcctccgta 
agtccacaca 
aacgaaggca 
cacaacatta 
agcgaaccca 



atagacatgc 
gcttccccaa 
ataaactaca 
acagaatcta 
tcacagcatc 
agcccatcag 
gacaggtcca 
agaaacaacc 
atccgcagag 
gtccagtacg 
caggcatctg 



tcaaagcaag 
tcctcacagg 
caatacaaaa 
acaaggaagc 
caactcaaca 
aaacagaacc 
cagcacaacc 
caagcacagc 
ccaccacttt 
acagcagcac 
taagcacaat 



agtgaaaaat 
aataaccaca 
aaccacatct 
ttcaacaatc 
gtctacagaa 
aacatcaaca 
aagtgaaagc 
ttccagcaca 
ccgcatgagc 
cacaacccaa 
gtaaaactag 



<210> 69 
<211> 711 
<212> DNA 

<213> human metapneumovirus 

<220> 

<221> gene 

<222> CD.--C711) 

<223> human metapneumovirus, strain Quebec Isolate no 
C-77807 



60 
120 
ISO 
240 
300 
360 
420 
4B0 
540 
600 
660 



<400> 69 

atggaggtga 

cgtgtggcac 

ttgagtatag 

gaatcagaac 

cctatagaca 

ggctccacac 

ccagacacaa 

agaacaagga 

cattccccac 

agcacaagaa 

aaacacgaag 

aggaagggca 



aagtggagaa 
gcagcaaatg 
ccctcaacat 
atcacaccag 
actcagacac 
tccactttgc 
caagccgccc 
caagtccggc 
catgggcaat 
aaagaccgtc 
aagcaagccc 
tggaggccag 



caxtcgaaca 
ctttaaaaat 
ctatctgatc 
ctcatcaccc 
caatccaggc 
agcctcagca 
gcccttcgtc 
agtccacaca 
gacaaggacg 
tacagcatca 
agtgagccca 
cacatcaaca 



atagatatgc 
gcctctttga 
ataaactata 
atggaatcca 
tcacagtatc 
agctcaccag 
gacacacaca 
aaaaacaatc 
gtccgtggaa 
gtccaacctg 
caaacatctg 
acatacaacc 



tcaaagcaag 
tcctaatagg 
caatgcaaga 
gcagggaaac 
caactcaaca 
agacagaacc 
caacaccacc 
taaagataag 
ccaccactct 
acagcagcac 
caagcacagc 
aaactagtta 



agtgaaaaat 
aataacgaca 
aaacacatcc 
tccaacggtc 
gtccacagaa 
aacatcaaca 
aagtgcaagc 
ccccagaata 
ccgcacaagc 
aacaactcac 
aagaccacaa 
a 



<210> 70 
<211> 711 
<212> DrJA 

<213> human metapneumovirus 
<220> 

<221> gene 
<222> W...C7113 
<221> human metapneumovirus, 
C- 78163 



60 
120 
180 
240 
300 
360 
420 
480 
540 
600 
660 
711 



strain Quebec Isolate No 



<400> 70 

atggaggtga 

cgtgtggcac 

ttgagtatag 

gaatcagaac 

cctatagaca 

ggctccacac 

ccagacacaa 



aagtggagaa 
gcagcaaatg 
ccctcaacat 
atcacaccag 
actcagacac 
tccactttgc 
caagccgccc 



cattcgaaca 
ctttaaaaat 
ctatctgatc 
ctcatcaccc 
caatccaggc 
agcctcagca 
gcccttcgtc 



atagatatgc 
gcctctttga 
ataaactata 
atggaatcca 
tcacagtatc 
agctcaccag 
gacacacaca 



tcaaagcaag 
tcctaatagg 
caatgcaaga 
gcagggaaac 
caactcaaca 
agacagaacc 
caacaccacc 



agtgaaaaat 
aataactaca 
aaacacatcc 
tccaacggtc 
gtccacagaa 
aacatcaaca 
aagtgcaagc 



60 
120 
180 
240 
300 
360 
420 
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agaacaagga caagtccggc agtccacaca aaaaacaatc taaagataag ccccagaata 480 

cattccccac catgggcaat gacaaggacg gtccgtggaa ccaccactct ccgcacaagc- 54-0 

agcacaagaa aaagaccgtc tacagcatca gtccaacctg acagcagcac aacaactcac 600 

aaacacgaag aagcaagccc agtgagccca caaacatctg caagcacagc aagaccacaa 660 

aggaagggca tggaggccag cacatcaaca acatacaacc aaactagtta a 711 

<210> 71 
<2U> 711 
<212> DNA 

<213> human metapneumovi rus 
<220> 

<221> gene 
<222> C1)...C711) 

<223> human metapneumovi rus f strain Quebec isolate no 
C-68661 

<:400> 71 

atggaggtga aagtggagaa cattcgaaca atagatacgc tcaaagcaag agtgaaaaat 60 

cgtgtggcac gcagcaaatg ctttaaaaat gcctctttga tcctaatagg aataactaca 120 

ttgagtatag ccctcaatat ctarctgatc ataaactata caatgcaaga aaacacatcc 180 

aaatcagaac atcacaccag ctcatcaccc atggaatcca gcagggaaac tccaacggtc 240 

cctatagaca actcagacac caatccaggc tcacagratc caactcaaca gtccacagaa 300 

ggcxccacac tccactttgc agcctcagca agctcaccag agacagaacc aacatcaaca 360 

ccagacacaa caagccgccc gcccttcgtc gacacacaca caacaccacc aagtgcaaqc 420 

agaacaagga caagtccggc agtccacaca aaaaacaatc caaggataag ccccaqaaca 480 

cattccccac catgggcaat gacaaggacg gtccgtggaa ccaccactct ccgcacaagc 540 

agcacaagaa aaagaccgtc cacagcatca gtccaacccg acagcagcgc aacaacccac 600 

aaacacgaag aagcaagccc agtgagccca caaacatctg caagcacagc aagaccacaa 660 
aggaagggca tggaggccag cacatcaaca acatacaacc aaactagtta a ttacaa 

<210> 72 
<211> 711 
<212> DMA 

<213> human metapneumovi rus 

<220> 

<221> gene 

<222> CD.., (711) 

<223> human metapneumovi rus , strain Quebec . isolate No 
C~88448 

<400> 72 

atggaggtga aagtggagaa cattcgaaca atagatatgc tcaaagcaag agtgaaaaat " 60 

cgtgtggcac gcagcaaatg ctttaaaaat gcctctttga tcctaatagg aataactaca 120 

ttgagtatag ccctcaatat ctatctaatc ataaactata caatgcaaga aaacacatcc 180 

ctcatcaccc atggaatcca gcagggaaac ttcaacagtc 240 

aca SH a 2JS ac caatc «ggc tcacagtatc taactcaaca gtccacagaa foo 

ggctccacac tctactttgc agcctcagca agctcaccag agacagaacc aacatcaaca Iro 

ccagacacaa caagccgccc gcccttcgtc gacacacaca caacaccacc aagtgcalgc 420 

agaacaagga caagtccggc agtccacaca aaaaacaatc caaggacaag ccccaoaaca 480 

cattccccac catgggcaat gacaaggacg gtccgtggaa ccaccactct ccgcacaaac 540 

agcacaagaa aaagaccgtc cacagcatca gtccaacctg acagcagcgc aacaacccac ion 

aaacacgaag aagcaagccc agtgagcccg caaacatctg cglgcicagc aagaccacaa 660 

aggaagggca tggaggccag cacatcaaca acatacaacc aiactagtira | a9accacaa 6 f£ 

<210> 73 
<213> 711 
<Z12> PNA 

<213> human metapneumovi rus 

<220> 
<221> gene 
<222> CD-..C711) 

<223> human wetapneumovi rus , strain Quebec Isolate No 

C-OS470 
<400> 73 



atggaggtga aagtggagaa cattcgaaca atagatatgc tcaaagcaaq aataaaaaat 

cgtgtggcac gcagcaaatg ctttaaaaat gcctctttga tcctaataoa attMctaS 

ttgagtatag ccctcaatat ctatctgatc ataaactata caatgcaaql llacScr 

gaatcagaac atcacaccag ctcatclccc atggaatcct gcaglgtalc ?ccalcg5tc 



60 
120 
180 
240 
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-ccatqgact acccagacac caatccaggc tcacagcatc caactcaaca gtccacagaa 300 

jactccacac xctactttgc agcctcagca agctcaccag agacagaacc aacatcaaca 360 

-caaacacaa caagccgccc gcccttcgtc gacacacaca caacaccacc aagtgcaagc 420 

aqaacaaaga caagtccggc agtccacaca aaaaacaatc caaggataag cctcagaaca 480 

cattccccac catgggcaat gacaaggacg. gtccgcggaa ccaccactct ccgcacaagc 540 

agcacaagaa aaagaccgtc tacagcatca gtccaacctg acagcagcgc aacaacccac 600 

aaacacgaag aagcaagccc agtgagcccg caaacatctg caagcacagc aagaccacaa 660 

aggaaggnca tggaggccag cacatcaaca acatacaacc aaactagtta a 711 

<210> 74 
<211:> 711 

<212> DNA .... 

<213> human metapneumovirus 
<220> 

<221> gene 
<222> C1D-..C711) 

<223> human metapneumovi rus , strain Quebec isolate No 
C-86316 

<400> 74 

atggaggtga aagtggagaa cattcgaaca atagatatgc tcaaagcaag agtgaaaaat 60 

cgtgtggcac gcagcaaatg ccttaaaaat gcctctttga tcctaatagg aataactaca 120 

ttgagtaxag ccctcaatat cxatctaatc ataaactata caatgcaaga aaacacatcc 180 

gaatcagaae atcacaccag ctcatcaccc atggaatcca gcaaggaaac tccaacagtc 240 

cctatggaca acxcagacac caatccaggc tcacagtatc caactcaaca gtccacagaa 300 

ggctccacac tctacxttgc agcctcagca agctcaccag agacagaacc aacatcaaca 360 

ccagacacaa caagccgccc gcccttcgtc gacacacaca caacaccacc aagtgcaagc 420 

agaacaagga caagtccggc agtccacaca aaaaacaatc caaggacaag cctcagaaca 480 

cattccccac catgggcaat gacaaggacg gtccgtggaa ccaccactct ccgcacaagc 540 

agcacaagaa aaagaccgtc cacagcatca gtccaacctg acagcagcgc aacaacccac 600 
aaacacgaag aagcaaqccc agtgagcccg caaacatctg cgagcacagc aagaccacaa . 660 

aggaagggca tggaggccag cacatcaaca acatacaacc aaactagtta a 711 

<210> 75 
<211> 6017 
<212>' DNA 

<213> human rnerapneumovi rus 

<220> 

<221> gene 

<222> Cl)-..(6017> 

<223> human metapneumovi rus, strain 00-1 
accession number af371337 

<400> 75 

atggatcctc tcaatgaatc cactgttaat gtctatcttc ctgactcata tcttaaagga 60 

gtgatttcct rcagtgagac. taatgcaatt ggttcatgtc tcttaaaaag accttaccta 120 

aaaaatgaca acactgcaaa agttgccata gagaatcctg ttatcgagca tgttagactc 180 

aaaaatgcag tcaattctaa gatgaaaata tcagattaca agatagtaga gccagtaaac 240 

atgcaacatg aaattatgaa gaatgtacac agttgtgagc tcacattatt aaaacagttt 300 

ttaacaagga gtaaaaatat tagcactctc aaattaaata tgatatgtga ttggctgcag 360 

ttaaagtcta catcagatga tacctcaatc ctaagrttta tagatgtaga atttatacct 420 

agctgggtaa gcaattggtt tagtaattgg tacaatctca acaagttgat tctggaattc 480 

aggaaagaag aagtaataag aactggttca atcttgtgta ggtcattggg taaattagtt 540 

tttgttgtat catcatatgg atgtatagtc aagagcaaca aaagcaaaag agtgagcttc 600 

ttcacataca atcaactgtt aacatggaaa gatgtgatgt taagxagatt caatgcaaat 660 

ttttgtatat gggtaagcaa cagtctgaat gaaaatcaag aagggctagg gttgagaagt 720 

aatctgcaag gcatattaac taataagcta tatgaaactg tagattatat gcttagttta 780 

tgttgcaatg aaggtttctc acttgtgaaa gagttcgaag gctttattat gagtgaaatt 840 

cttaggatta etgaacatigc tcaattcagt actagattta gaaatacttt attaaatgga 900 

ttaactgatc aattaacaaa attaaaaaat aaaaacagac tcagagttca tggtaccgtg 960 

ttagaaaata atgattatcc aatgtacgaa gttgtactta agttattagg agatactttg 1020 

agatgtatta aattattaat caataaaaac ttagagaatg ctgctgaatt atactatata 1080 

tttagaatat tcggtcaccc aatggtagat gaaagagatg caatggatgc tgtcaaatta 1140 

aacaatgaaa rcacaaaaat ccttaggtgg gagagcttga cagaactaag aggggcattc 1200 

atattaagga ttatcaaagg atttgtagac aacaacaaaa gatggcccaa aattaaaaac 1260 

ttaaaagtgc ttagtaagag atggactatg tacttcaaag caaaaagtta ccccagtcaa 1320 

cttgaattaa gcgaacaaga ttttttagag cttgctgcaa tacagtttga acaagagttt 1380 

tctgtccctg aaaaaaccaa ccttgagatg gtattaaatg ataaagctat atcacctcct 1440 

aaaagattaa tatggtctgt gtatccaaaa aattacttac ctgagaaaat aaaaaatcga 1500 

tatctagaag agactttcaa tgcaagtgat agtctcaaaa caagaagagt actagagtac 1S60 
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xatttgaaag 
xaxxxaaatg 
ggtagaatgx 
txgxxagcxg 
gaxcxxcaga 
gaxagxxata 
caagccxtxa 
acacaaagcc 
tatagacatg 
agtggtttat 
arggaagcta 
ttattaaacg 
ttagatgaag 
gcatacagaa 
cagxxxaxaa 
axcxxaagag 
tcaataggga 
atattaagga 
gcagggaagc 
gaaataaaaa 
ggaggagaxc 
gaagcaatca 
aaaataagtt 
acactaatga 
axcaatagaa 
agtgctatac 
ccxgxxxaxc 
aaagxtgXga 
gctattaarg 
. xxaxcXagaa 
aggctgaxax 
atagttggag 
tctcatttga 
agaggXccaa 
taxaacagac 
agaxgggxax 
agXttaggca 
xxcexacaca 
tatagaacaa 
xxxgggaaxg 
axgagxgxag 
xtagaagaaa 
gragataaga 
cxggggaaaa 
agagagaatt 
caxxggxgxg 
ggtgacgggt 
aaaactaaac 
gtagatgaat 
aaggttatgt 
• xcartagXag 
tgcaxgaggx 
aaaxcxaxxx 
cagatatggc 
tattaactcc 
aaxxagcxxa 
axxaxgcxaa 
atagaxaxaa 
gaaaacxxax 
axxggaxggc 
aagatgaect 
ggaxaaxaga 
atxgggatxx 
aatttaagga 
catgcagaat 
aagactgcaa 
gtagtaaact 
taccctgcca 
atgctgcaaa 
ggctaagaat 
aaagcaacca 
taacaaacaa 



axaaxaaatt cgaccaaaaa 
ataaggatca tattgtcxcg 
txgcxaxgea accaggaaaa 
ataatattgt accttttttc 
gaataatgga aatcaaatcg 
axaaxxacat tgcaagagca 
ggtatgaaac tacagcgatc 
tattcxgttg gttacatctt 
caccaccaga aacaaaaggt 
axagatatca tatgggtggt 
tatctctatt agatgttgta 
gtgacaacca atcaatagat 
tgaaagcaga ttatagcttg 
axaxaggcca taaacxxaaa 
gxaaggtgat tcaatctgaa 
xgggaccaxg gataaacaca 
gxcxaxgxca ggaattagaa 
atttttggct gtataattta 
agxxaxxcaa acaactaaat 
aggaaaatga 1 agtagtagax 
cagtagtctt ctatagatct 
gtcatgtggc tattctgtta 
tcttcaaagd cttactgtca 
gagatcctca agcxgttggc 
cagcagxxac cagcatctta 
acracagtag aaatgaagaa 
cxtaxggact gagagttttg 
atatgatatc aggaacgaaa 
gtgaagatai| tgacagagct 
tattgtcagt agttgttgat 
gxxgxeagatl atctagaacc 
taacatcccc tagcatcact 
aagggaxaat* cattgaaaag 
agagccctxg ggtagggtcg 
aaattctttif aaaacaacaa 
aXaaagggaa accaggxxxa 
ttagttacaa atgtgtaaaa 
ggxxaxcXgir cagtagtaga 
caaatxacca ttttgacact 
aagatattaa xxxggtctxc 
tagaacaatt aactggxagg 
tagacattai gccaccacca 
xaacxtctga tcaacataxc 
tgctcatgcc caccataaaa 
axxxccaxgg gaataatctt 
ggaxaxtaac agagcaaxgx 
xcaxaxcgga tcatgctttt 
xxxxaxgxag ttgggggtcc 
caatagataa actgrtaagg 
xxgaaxcaai ggttaagaaa 
gttatatagg gtttaagaat 
accttggat^ gxcaatgccg 
gcaactgata gagcaaagtt 
acatgctctc acaagattaa 
gattccatcc ccaatggtta 
tttccctaa^i ataacatttg 
aggaaagcra acaaggaaxx 
cxxxgXcXXt agttctactg 
gaaagaxcti aaccctaaag 
cagaacagdi xgtgaaXaXc 
xgaxcatcat tatcctxxgg 
xagcggxga^ gggctttcaa 
gatacacaga gtaagcaaag 
cagagatgat txxxxtaaga 
ttgcactact tatgggacag 
xgxaaaatta cctttttttg 
gtcaggctca gaatgctaca 
tggagaaata caaaattcta 
aaaacxxgac aaxaaaxcxa 
accgataaat aagaaagaat 
xxcxxcxgt:£ gcaacagtrg 
ggcaaacaca ataattgatt 



gaacttaaaa 

ctaactggaa 

cagcgacaaa 

ccagaaacct 

gaactttctt 

tccatagtaa 

xgtgcggaxg 

atcgtcccta 

gaatatgata 

atxgaaggax 

tctgtaaaaa 

gtaagXaaae 

gctgtaaaaa 

gaaggggaaa 

ggagtaatgc 

ataxxagaxg 

tttagggggg 

xacaXgcaxg 

aaaacaxxaa 

ctatggatga 

ttctatagaa 

agaatatcag 

atagaaaaaa 

tcagagcgac 

agtctttctc 

gaggtcggaa 

xaxgaaxcax 

tccataacca 

gtatccatga 

agtatagaaa 

ctaagggaga 

acaxgcaxgg 

ttcagcacxg 

agcactcaag 

agagaacagc 

agacgattac 

ccxxtaxtac 

cctatggaat 

agtcctatta 

caaaatgcaa 

agxccaaaac 

gtgtttcaag 

ttcagtccaq 

ggtcagaaaa 

attgagtctt 

aragaaaata 

atggacttca 

caagggaaaa 

attgataata 

aggataatgt 

xggrttatag 

aaggxgaxcx 

xaxxxxtaag 

xcagaaagaa 

atttaactca 

aaaggctaaa 

acaxgaXacX 

gatgtaaagx 

xxcxgxactt 

ctgacatcaa 

aaxaccagag 

tggaaacaac 

axgcxtxatt 

xggxaattcX 

acctctattx 

tgagatcagx 

xacxctxaac 

agatgaaaat 

txgaagccaa 

taaatagaca 

gaggtagcaa 

ggxtagaaca 
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gxtatgttgx 
aagaaagaga 
tacaaatatt 
xaacaaagxa 
ctatxaaaac 
cagaxxxaag 
xagcagatga 
xgacaacaat 
xagaXaagat 
ggxgtcaaaa 
cacgatgtca 
cagxxaagtt 
xgxtaaaaga 
catataxatc 
atccxacccc 
acattaaaac 
aaagcaxaax 
aaxcaaagca 
caxcagtgca 
acataccaat 
ggaccccxga 
ccaacaxaag 
axgaacgxgc 
aagcaaaagx 
caaaxcaacx 
xcattgctga 
taccttttca 
actxaxtaca 
Xgcxggagaa 
ttccaaccaa 
caxcaxggaa 
atgtcaxaxa 
acagaactac 
agaaaaaaXX 
tagaagcaax 
Xcaaxaagat 
ctaggtxtat 
tcccagcaxc 
atcaagcacx 
Xcagctgxgg 
agxtagtxtt 
ggaaatxcaa 
acaaaaxaga 
cagaxcagxx 
Xgtcagcagc 
atatxxxcaa 
aaayaxxccx 
acaxxaaaga 
cxttxtggag 
xaxaxgaxgt 
aacagttgga 
ggxxgagaxc 
aaXaacXgXt 
grtgatgtgt 
agtxatxgat 
aaaxxaxgac 
gttgccaxgg 
tagxctaaaa 
XaXXggagaa 
atxtgtaxac 
agxxaragga 
agatgcaacx 
aataacxtxa 
aXggaggaaa 
attcgcaaag 
agccaccxtx 
acxaggccac 
agcagtgtgt 
ctgXaaaxca 
gagaaggxta 
ggtcatagag 
taxtxxaaax 



xaaacaagaa 

axtaagxgXa 

ggcxgaaaaa 

xggtgatcxa 

xagaagaaax 

Xaagxtcaac 

acxacaxgga 

gaxatgxgcc 

agaagagcaa 

acxcxggaca 

aatgacatcx 

atcxgagggt 

aaxaagagat 

aagagatctt 

Xataaaaaag 

cagtgcagag 

agxxagxcxg 

acacccccXa 

gagatXXXXt 

gcagxxxgga 

xxxxxxaact 

aaaxgaagcg 

xacactgaca 

aacaagxgat 

xxxcagcgat 

caacataaca 

taaagcXgaa 

gagaacaxcx 

cctaggaxxa 

axcxaaxggt 

taaxaxggaa 

xgcaacxagc 

aagaggxcaa 

agxxccxgxx 

XggaaaaaXg 

xxgtctxgga 

gagxgtaaat 

agtxccagct 

aagtgagaga 

aatxagcaxa 

aaxaccxcaa 

xtaxaagcxa 

taxgtxaaca 

ccxgaacaag 

gxtagcaxgx 

gaaagacxgg 

aXgXgXCXXX 

Xgaagatata 

aaxgxxcagc 

aaaaxxxcxa 

xcagcxgagx 

aagtcaaxxa 

ttgaacxaxa 

gaxaatgcac 

ccxacagaac 

acXagXtcaa 

caacaxgtxa 

acaxgcatxg 

ggggcaggaa 

agaagxxxaa 

gaatxaagca 

caaaaaacxc 

xgxgargcag 

catgtattat 

xatcatgcxa 

axxaxgcaag 

cacaacaaXX 

aaxgatttxx 

cttXXaXcag 

xxaacactac 

tctaaatggt 

xcxccaaaag 
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gtgaattaaa ttatgatttt tttgaageat tagaaaatac rcaccctaat atgattaaac 5940 

taatagataa tctagggaat gcagagataa aaaaactgat caaagtaact ggatatatgc 6000 

ttgtaagtaa aaaatga . 6017<210> 76 
<211> 450 

<212> urn 

<213> human metapneumovi rus 

<220> 

<221> gene 

<222> (D...C450) 

<223> human metapneumovi rus T strain Quebec isolate NO 
hMPV-lXS 

<400> 76 

taaaatgaaa atatcagaxt acaaggtagt agaaccagta aacatgcaac atgaaataat 60 

gaagaatgta cacagctgtg agcacacact attgaaacag tttttaacaa ggagtaaaaa 120 

cattagcact ctcaaattaa atatgatatg tgattggctg caattaaaat ctacatcaga 180 

tggtacctca atcctaagtt ttatagatgt agaatttata cctagttggg taagcaactg 240 

gtttagtaat tggtacaatc tcaataagtt aattrcagaa ttcaggagag aagaagtaat 300 

aagaaccggt tcaatcttgt gcaggtcatt aggtaaatta gttttrattg tatcatcata 360 

tggatgtatc gtcaagagca acaaaagcaa aagagtgagc ttctxtacat acaatcaact 420 

gttaacatgg aaagatgtga tgttaagtcg 450 

<210> 77 
<211> 450 
<212> DNA 

<213> human metapneumovi rus 
<220> 

<221> gene 
<222> CD...C450) 

<223> human metapneumovi rus, strain Quebec isolate no 
hMPV-163 

<400> 77 

ttgaaatatc agattacagg atagtagagc cagtaaacax gcaaqatgaa attatgaaga 60 

atgtacacag ttgtgagctc acattattaa aacagttttt aacaaggagt aaaaatatta 120 

gcactctcaa attaaatatg atatgtgatt ggctgcagrc aaaaxctaca tcagatgata 180 

cctcaatctt aagtxxtaxa gatgtagaat ttatacctag ctgggtaagc aattgattta 240 

gtaattggta caatctcaac aagttgattc tggaattcag gaaagaagaa gxaaxaagaa 300 

ctggttcaat cttgtgtagg tcattaggta aattagtttt tgttgxatca tcatatggat 360 

gxaxagtcaa gagcaacaaa agcaaaagag tgagcttctt cacatacaat caactgtxaa 420 

catggaaaga tgtgaxgtxa agragattca 450 

<210> 78 
<211> 500 
<212> DNA 

<213> human metapneumovi rus 

<220> 
<221> gene 
<222> (1) . . . C500) 

<223> human metapneumovi rus t strain Quebec isolate No 
hMPV-174 

<400> 78 

gagaatcctg ttatcgagca tgttagactc aaaaatgcaa tcaatctaaa gatgaaaata 60 

tcagattaca ggatagtaga gccagtaaac atgcaacatg aaattatgaa gaatgtacac 120 

agttgtgagc tcacattatt aaaacagttt ttaacaagga gtaaaaatat tagtactctc 180 

aaattaaaxa tgaxatgxga xtggctgcag ttaaagtcta catcagatga tacctcaatc 240 

tiraagtttta tagatgtaga atttatacct agctgggtaa gcaattggtt tagtaattgg 300 

tacaatctca acaagttgat tctggaattc aggaaagaag aagtaaxaag aactggttca 360 

atcttgtgta ggtcattggg taaattagtt tttgttgtat cateatatgg atgtatagtc 420 

aagagcaaca aaagcaaaag agtgagcttc ttcacataca atcaactgtt aacatggaaa 480 

gatgtgatgt taagtagatt * 500 

<210> 79 
<211> 450 
<212> DNA 

<213> human metapneumovi rus 
<220> 
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<221> gene 
<222> ID . . • C450) 

<223> human metapneumovi rus , strain Quebec isolate no 
hMPV-184 

<400> 79 

attgaaatat cagartacag gatagtagag ccagtaaaca tgcaacatga aattatgaag 60 

aatgtacaca gttgtgagct cacattatta aaacagtttt taacaaggag taaaaatatt 120 

agcactctca aattaaatat gatatgtgat tggctgcagt taaagtctac atcagatgat 180 

acctcaatct taagttttat agatgtagaa tttataccxa gctgggtaag caattgatrt 240 

agtaattggt acaatctcaa caagttgatt ctggaattca ggaaagaaga agtaatlaga 300 

actggttcaa tcttgtgtag gtcattaggt aaattagttt ttgttgtatc atcatatgga 360 

tgtatag'tca agagcaacaa aagcaaaaga gtgagcttct xcacatacaa tcaactgtta 420 

acatggaaag atgtgatgrt aagtagattc 450 

<210> 80 
<2U> 500 
<212> DNA 

<213> human metapneumovi rus 

<220> 
<221> gene 
<222> CD --.(500) 

<223> human metapneumovi rus*, strain Quebec Isolate No 
hMPV-196 

<400> 80 

ttgcccatag agaatcctgt tattgagcat gtgagactca aaaatgcagt caactctaaa 60 

atgaaaatat cagattacaa ggtagtagag ccagtaaaca tgcaacatga aataatgaag 120 

aatgtacaca gttgtgagct cacactattg aaacagtttt taacaaggag taaaaacatt 180 

agcactctca aattaaatat gatatgtgat tggctgcaat taaagtctac atcagatgat 240 

acctcaatcc taagtttcat agatgtagaa tttataccta gttgggtaag caactggttt 300 

agtaattggt acaatctcaa taagttaatt ttggaattca gaagagaaga agtaataaga 360 

accggttcaa tcttatgcag gtcattgggt aaattagttt ttattgtatc atcatatgga 420 

tgtatcgtca agagcaacaa aagcaaaaga gtgagcttct tcacatacaa tcaactgtta 480 

acatggaaag atgtgatgtt y 5 qq 

<210> 81 
<211> 450 
<212> DNA 

<213> human metapneumovi rus' 
<220> 

<221>:gene 
<222> IX> ■ . . C4S0) 

<223> human metapneumovi rus, strain Quebec isolate No 
C-76837 

<400> 81 

agatgaaaat atcagattac aggatagtag agccagtaaa catgcaacat gaaattatga 60 

agaatgtaca cagttgtgag ctcacattat taaaacagtt tttaacaagg agtaaaaata 120 

"?SSS TC J ^ att 55J atgatatgtg attggctgca gttaaagtct acatcagatg 180 

atacctcaat cttaagtttt atagatgtag aatttatacc tagctgggta agcaattggt 240 

ttagtaattg gtacaatctc aacaagttga ttcxggaart caggaalgaa gaagtaataa 300 

gaactggttc aatcttgtgc aggtctttgg gtaaattagt ttttgttgta tcatcatatg 360 

gatgtatagt caagagcaac aaaagcaaaa gagtgagctt cttcacatac aatcaactat 420 

taacatggaa agatgtgatg xtaagtagat * * * * 9U 45Q 

<210> 82 
<211> 450 
<212> DNA 

<213> human metapneumovi rus 

<220> 
<221> gene 
<222> CD..* (450) 

<223> human metapneumovi rus, strain Quebec Isolate No . 
<400> 82 

taagatgaaa atatcagatt acaggatagt agagccagta aacatgcaac atqaaartat 60 
gaagaatgta cacagttgtg agctcacatt attaaaacag tttctaacaa ggagtlaaaa 120 
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tattagcact ctcaaattaa atatgatatg tgattggctg cagttaaagt ctacatcaga ISO 

tgatacctca atcttaagtt ttatagatgt agaatttata cctagctggg taagcaattg 240 

gfttagtaat tggtacaatc teaacaagtt gattctggaa ttcaggaaag aagaagtaat 300 

aagaactggt tcaatcttgt gtaggtcatt gggtaaatta grctttgttg tatcatcata 360 

cggatgtata gtcaagagca acaaaagcaa aagagtgagc ttcttcacat acaatcaact 420 

gttaacatgg aaagatgtga tgttaagtag 4S0 

<210> 33 
<211> 450 
<212> DNA 

<213> human metapneumovi rus 
<220> 

<221> gene 

<222> CI) - - . C450) m 
<223> human metapneumovi rus , strain Quebec isolate No 
hMPV-185 

<400> 83 

taaaattgaa atatcagart acaaggtagt agagccagta aacatgcaac atgaaataat 60 

gaagaatgta cacagttgtg agctcacact attgaaacag tttttaacaa ggagxaaaaa 120 

cartagcact ctcaaattaa atatgatatg tgatxggctg caattaaagt ctacatcaga 180 

tgatacctca atcctaagtt tcatagatgt agaatttata cctagttggg taagcaactg 240 

gtttagtaat tggtacaatc tcaataagtt aattttggaa ttcagaagag aagaagtaat 300 

aagaaccggt tcaatcttat gcaggtcatt gggtaaatta gtttttattg tatcatcata 360 

tggatgtatc gtcaagagca acaaaagcaa aagagtgagc ttcttcacat acaatcaact 420 

gttaacatgg aaagatgtga tgttaagtag 450 

<210> 84 
<2U> 500 
<212>DNA 

<213> human metapneumovi rus 

<220> 
<22l> gene 
<222> CD.-.C5O0D 

<223> human metapneumovi rus , strain Quebec isolate No 
C-7B123 

<400> 84 

atcctgttat cgagcatgtt agactcaaaa atgcaatcaa ttctaagatg aaaatatcag €0 

attacaggat agtagagcca gtaaacatgc aacatgaaat tatgaagaat gtacacagtt 120 

gtgagctcac attattaaaa cagtttttaa ' caaggagtaa aaatattagc actctcaaat 180 

taaatatgat atgtgattgg ctacagttaa agtcxacatc agatgatacc tcaatcttaa 240 

gttttataga tgtagaattt atacccagct gggtaagcaa ttggtttagt aattggtaca 300 

atctcaacaa gxtgaxrctg gaattcagga aagaagaagt aaxaagaact ggttcaatct 360 

tgtgcaggtc tttgggtaaa ttagtttttg ttgtatcatc atatggatgt atagtcaaga 420 

gcaacaaaag caaaagagtg agcttcttca catacaatca actgttaaca tggaaagatg 480 

tgatgttaag tagattcaat "~ ~ ~ 500 

<210> 85 
<211> 450 
<212> DNA " 

<213> human metapneumovi rus 

<220> 
<221> gene 
<222> ZX>... (450) 

<223> human metapneumovi rus, strain Quebec Isolate No 
C-91205 

<400> 85 

caattctaaa atgaaaatat cagattacaa ggtagtagag ccagtaaaca tgcaacatga 60 

aataatgaag aatgtacaca gttgtgagct cacactattg aaacagtttt taacaaggag 120 

taaaaacatt agcactctca aattaaatat gatatgtgat tggctgcaat taaagtctac 180 

atcagatgat acctcaatcc taagtttcat agatgtagaa tttataccta gttgggtaag 240 

caactggttt agtaattggt acaatctcaa taagttaatt ttggaattca gaagagaaga 300 

agtaataaga accggttcaa tcttatgcag gtcattgggt aaattagttt ttattgtatc 360 

atcatatgga tgtattgtca agagcaacaa aagcaaaaga gtgagcttct tcacatacaa 420 

tcaactgtta acatggaaag atgtgatgtt " ' 450 

<210> 86 
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<211> 400 
<212> DNA 

<213> human mexapneumovi rus 

<220> 

<221> gene 

<222> IX) . . . (400) 

<223> human mexapneumovi rus , strain Quebec isolate no 
C- 913 64 

<400> 86 

rtgcatagag aatcctgxta ttgagcatgt cagactcaaa aatggcagta attcxaaaat 60 

gaaaatatca gaxxacaagg tagtagaacc agtaaacaxg caacatgaaa taatgaagaa 120 

tgtacacagc tgtgagcaca cactattgaa acagttttta acaaggagta aaaacaxxag 180 

cactctcaaa txaaatatga tatgxgaxtg gctgcaaxxa aaatEtacat cagatggtac 240 

ctcaatccta agttttaxag argtagaatt tatacctagt tgggtaagca actggtrtag 300 

taattggcac aatctcaata agttaatttt agaattcagg agagaagaag taataagaac 360 

cggttcaatc ttgtgcaggt caxxaggtaa axtagxtxtt LA*ta*g&ac wj 

<210> 87 
<211> 500 
<212> DNA 

<213;> human mexapneumo virus 

<220> 
<221> gene 
<222> U)...(500) 

<223> human metapneumovi rus, strain Quebec isolate mo 
C-91749 

<400> 87 

fS?«ES? SiSSJJS 2n! tgt9a 2 a ctcaaaaa *9 cagtcaattc xaaaatgaaa 60 

caSS?«S SSSSESS agagccagta aacatgcaac atgaaataat gaagaatgta 120 

cacagttgtg agctcacacX atxgaaacag tttttaacta ggiqtaaaaa cattaacarr IRn 

""fl 3 ^ tgattggctg caatxaaagt 2ta£t£K tgattlSca 240 

axccxaagtt tcatagatgt agaatxtaxa tetagttggg taagcaacta atttaotaat ™n 

tggtacaatc tcaataagtt aattttggaa ttcagaagig aaglagtaat aagaf cecal 360 

teaaxexxtt gcaggtcatt gggtaaatxa gtttttattg tatcatcata tggatgtSSc 420 

SSSB StSgSS aa9a9t9a0C acaaxcaact gSSSStS 88 

<210> 88 

<2U> 450 

<212> DNA 

<213> human metapneumovi rus 

<220> 
<221> gene 
<222> CD.-. (450) 

<223> hMpO"Qel tapr)eumov ' i^us, strain Quebec isolate No 
<400> 88 

SSSSm *3£58$£ SSRSS SSSSSS J8 

aaaaacatta gcactctcaa attaaatatg atatgtgatt ggctgeaatt ttaatctlea llo 

sets sssss assa isflib fells iii 
esss sasss ssss sssss slsss! Si 1 

caactgttaa catggaaaga tgtgatgxta tgdgcttctx cacaxacaax 420 

<210> 89 
<211> 450 
<212> DNA 

<215> human metapneumovi rus i 

<220> 
<221> gene 
<222> CD. . . (450) 

<223> hMPv"Q97 tapneumOVirU5 ' strain Quebec isolate No 
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<400> 89 _ 

aaaatgaaaa tatcagatta caaggtagta gagccagtaa acatgcaaca tgaaataatg 60 

aagaatgrac acagttgtga gcxcacacta ttgaaacagt ttttaactag gagtaaaaac 120 

attagcactc tcaaaxxaaa tatgatatgt gattggctgc aaxtaaagtc tacatcagat 180 

gataccxcaa tcctaagttt caxagatgta gaatttarac ctagttgggt aagcaactgg 240 

xxxagtaatt ggtacaaxcx caataagtta axxttggaat tcagaagaga agaagtaata 300 

agaaccggtt caatcttatg caggtcaxtg ggtaaaxtag tttttattgt atcaxcatat 360 

ggatgtaxcg tcaagagcaa caaaagcaaa agagtgagct tcttcacata caatcaactg 420 

rcaacatgga aagaxgxgat gttaagtaga 450 

<210> 90 . 
<211> 537 
<212> DNA 

<213> human metapneurnovi rus 
<220> 

<221> gene 

<222> (1)... (537) 

<223> human metapneurnovi rus , strain Can 97-83 
<400> 90 

agaaxccxgx xaxxgagcat gtgagacxca aaaatggcgg tcatxcxaaa atgaaaatat 60 
cagaxtacaa ggtagtagag ccagtaaaca tgcaacatga aataatgaag aatgtacaca 120 
gttgtgagct cacactaxxg aaacagtttt taacaaggag taaaaacatt agcactctca 180 
aattgaaxat gaxaxgxgat tggctgcaat taaagxctac atcagatgat acctcaatcc 240 
xaagxxtcat agatgtagaa tttataccxa gttgggtaag caactggttt agxaaxtggx 300 
acaatctcaa taagxxaaxx ttggaattca gaagagagga agtaataaga accggttcaa 360 
xcxxaxgcag gtcattgggt aaattagxxx xxattgtatc atcataxgga tgtatcgxca 420 
agagcaacaa aagcaaaaga gtgagcttct tcacatacaa xcaacxgxxa acatggaaag 480 
atgtgatgtx aagtagattt aatgcgaaxt txtgtatatg ggtaagcaac agttctg 537 

<210> 91 
<211> 20 
<212> DNA 

<2'13> human metapneurnovi rus 
<220> 

<223> primer no 55 
<400> 91 

atgggacaag tgaaaargxc 20 

<210> 92 
<2U> 19 
<212> DNA 

<213> human metapneurnovi rus 
<22Q> 

<223> primer no 56 
<400> 92 

gagtctcagt acacaataa 19 
<210> 93 

<2ii> is 

<212> DNA 

<213> human metapneurnovi rus 
<220> 

<223> primer no 57 
<400> 93 

• gxcacxgcag xxgxxgxa X8 

<210> 94 
<211> 19 
<212> DNA 

<213> -human metapneurnovi rus 
<220> 

<223> primer no 58 
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c400> 94 

jcarttccga gaacaacac 19 

<210> 95 
<211> 19 
<212> DMA 

<213> human metapneumovi rus 
<220> 

<223> primer no 18 multiplex assay 
<400> 95 - . 

gagtctcagt acacaataa 19 

<210> 96 

<2ll> 19 

<212> DNA 

<213> human metapneumovi rus 
<22Q> 

<223> primer no 19 multiplex assay 

<400> 96 

gcatttccga gaacaacac !9 

<210> 97 

<211> 18 

<212> DNA 

<213> human metapneumovi rus 
<220> 

<223> primer no 59 

<400> 97 

atgtcttgga aagtggtg 18 

<210> 98 

<211> 17 

<212> DMA 

<213> human metapneumovi rus 
<220> 

<223> primer no 60 

<400> 98 

tcttcttacc attgcac -^7 

<210> 99 
<211> 20 
<212> DNA 

<213> human metapneumovi rus 
<220> 

<223> primer no 61 
<400> 99 

ctaattatgt ggtatgaagc 20 

<210> 100 
<211> 18 
<212> DNA 

<213> human metapneumovi rus 
<220> 

<223> primer no 62 
<400> 100 

atggagtcct acctagta 18 

<210> 101 
<211> 19 



WO 2004/057021 



PCT/CA2003/001994 



<212> DNA- 

<213> human metapneumovi rus 
<220> 

<223> primer no 63 
<40Q> 101 

aaggtgcttg gttgttatc 

<210> 102 
<211> 19 
<212> DNA 

<;213> human metapneumovi rus 
<220> 

<223> primer no 64 
<400> 102 

atgtcattcc ctgaaggaa 

<210> 103. 
<211> 19 
<212> DNA 

<213> human metapneumovi rus 
<220> 

<223> primer no 65 
<400> 103 

ttaactggta aatctcatc 

<210> 104 
<Z11> 19 
<212> DNA 

<213> human metapneumovi rus 
<220> 

<223> primer no 66 
<400> 104 

catgggacaa gtagttatg 

<210> 105 
<211> 19 
<212> DNA 

<213> human metapneumovi rus 
<220> 

<223> primer no 67 
<400> 105 

atggaggtga aagtggaga 

<210> 106 " 
<211> 19 
<212> DNA . 

<213> human metapneumovi rus 
<220> 

<223> primer no 68 
<400> 106 

ttaactagtt tggttgtat 

<210> 107 
<211> 19 
<212> DNA 

<213> human metapneumovi rus 
<220> . 

<223> primer no 69 



38/52 



19 



19 



19 



19 



19 
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rctagagtta ttttgtatt ^ 

*210> 108 
<211> 24 
<212> DNA 

<213> human metapneumovi rus 
<220> 

<223> primer no 70 
<400> 108 

ggacaagtag ttatggaggt gaaa 24 

<210> 109 
<211> 28 
<212> DNA 

<213> human metapneumovi rus 
<220> 

<223> primer no 71 
<400> 109 

ctcctttaan atatgactca ggmagrta 2g 

<210> 11C 
<211> 22 
<212> OKA 

<;213> human metapneumovi rus 
<220> 

<223> primer no 20 multiplex assay 
<AQ0> 110 

gttgecatag agaatcctgt ta 22 

<210> 111 
<211> 22 
<212> OKA 

<213> human metapneumovi rus 
<220> 

<223> primer no 21 multiplex assay 
<400> 111 

cattcagact gttgettace ca 22 

<210> 112 
<211> 22 

<212> DMA 

<213> human metapneumovi rus 
<220> 

<223> primer no 72 
<400> 112 

gttgecatag agaatcctgt ta 22 

<210> 113 
<211> 22 
<212> DNA 

<213> human metapneumovi rus 
<220> 

<223> primer no 73 
<400> 113 

cattcagact gttgettace ca . 22 

<210> 114 
<211> 27 
<212> DNA 



i . 
i 
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<2'l3> human Metapneumovi rus 
<220> 

<223> human Metapneumovi rus 
primer Al 

<400> 114 

ccaattacta aaccaartgc ttaccca 27 

<210> 115 
<211> 21 
<212> DNA 

<213> human metapneumovi rus 
<220> 

<223> probe no 74 
<40O> 115 

gcaagcttat ggggccggtc a 21 

<210> 116 
<21i> 25 
<212> DNA 

<213> human metapneumovi rus 
<220> 

<223> probe no 75 
<400> 116 

acaatgctaa ggtggggggt cattg 25 

<210> 117 
<211> 23 
<212> DNA 

<213> human metapneumovi rus 
<220> 

<223> probe no 76 
<40O> 117 

gttctgagga caggttggta cac 23 

<210> 118 
<211> 23 
<212> DNA 

<213> human metapneumovi rus 
<220> 

<223> probe no 77 
<400> 118 

aatgttttta cactggaggt agg 23 

<210> 119 
<211> 22 
<212> DNA 

<213> human metapneumovi rus 
<220> 

<223> probe no 78 
<40O> 119 

gttacaatac cagcattcat ca 22 

<210> 120 
<211> 25 
<212> DNA 

<213> human metapneumovi rus 
<220> 

<223> probe no 79 
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<4O0> 120 

atcagtttca atcaaagaga gtgag 

<210> 121 
<2H> 25 
<212> 'DNA 

<213> human metapneumovi rus 
<22Q> 

<223> probe no 80 
<400> 121 

taaagcaagc aatcaaagtc atgga 

<210> 122 

<211> 25 

<212> DNA 

<213> human metapneumovi rus 
<220> 

<223> probe no SI 

<400> 122 

cccattgaag aagaagagtc taccg 

<210> 123 
<211> 20 
<212> DNA 

<213> human metapneumovi rus 
<220> 

<223> probe no 82 
<400> 123 

actcaagccc acagcatcca 

<210> 124 
<2li> 23 
<212> DNA 

<213> human metapneumovi rus 
<220> 

<223> probe no 83 
<400> 124 

ctcaacagtc cacagaaggc tec 

<210> 125 
<211> 26 
<212> DNA 

<213> human metapneumovi rus 
<220> 

<223> probe no 84 
<400> 125 

attggtttag taattggtac aatctc 

<210> 126 
<211> 26 
<212> DNA 

<213> human metapneumovi rus 
<220> 

<223> probe no 85 
<4O0> 126 

acaagttgat tctggaattc aggaaa 

<210> 127 
<211> 25 
<212p> DNA 
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25 



25 



25 



20 



23 



26 



WO 2004/057021, 



PCT/CA2003/001994 



42/52 

<213> human Metapneumovi rus 
<220> 

<223> human Metapneumovi rus 
probe a2 

<400> 127 

cgagcatgtt agacxcaaaa atgca 25 

<210> 125 
<211> 23 
<212> DNA 

<213> human metapneumovi rus 
<22G> 

<;223> probe no 33 multiplex assay 
<400> 128 

axgxaxccgt ccaagctgag tta 23 

<210> 129 

<2U> 26 

<212> DNA 

<213> human metapneumovi rus 
<220> 

<223> probe no 34 multiplex assay 

<400> 120 

attggxtxag xaatxggtac aatctc 26 

<21Q> 130 
<211> 1027 
<212> DNA 

<213> human influenza A virus 
<220> 

<22l> qene 

<222> (ID..- (1027) 

<223> human influenza A virus ■ 

strain A/Hong Kong/1180/99(H3N2) 

accession number af 386771 

<400> 130 

agcaaaagca ggtagatatt gaaagatgag ccttctaccc gaggtcgaaa cgtatgttct 60 

etctategtt ccatcaggcc ccctcaaagc egaaatcgeg cagagacttg aagatgtctt 120 

tgctgggaaa aacacagatc ttgaggctct catggaatgg ctaaagacaa gaccaatcct 180 

gtcacctctg acxaagggga ttttagggtt tgtgttcacg ctcaccgtgc ccagtgagcg 240 

aggactgeag egtagacget ttgtccaaaa tgccctcaat gggaatgggg atccaaataa 300 

catggacaaa gcagtxaaac tgtatagaaa acttaagagg gagataacat tccatggggc 360 

caaagaaata gcactcagtt attctgetgg tgcacrtgcc agttgcatgg gectcatata 420 

caataggatg ggggctgtaa ccactgaagt ggcatttggc ctggtatgtg caacatgtga 480 

acagattget gactcccagc acaggtctca taggcaaatg gtggcaacaa ccaatccatt 540 

aataagacat gagaacagaa tggttttggc cagcactaca gctaaggcta tggagcaaat 600 

ggctggatca agtgagcagg cageggagge catggagatt gctagtcagg ccaggcaaat 660 

ggtgcaggca atgagagccg ttgggactca tcctagctcc agtactggtc taagagatga 720 

tcttcttgaa aatxxgcaga cctatcagaa acggatgggg gtgcagatgc aacgattcaa 780 

gtgacccgct tgttgttgcc gcgagcacca ttgggatctt gcacttgata ttgtggattc 840 

ttgategtet ttttttcaaa tgeatctate gactcttcaa acaeggtett aaaagagggc 900 

ettctaegga aggagtacct gagtctatga gggaagaata tcgaaaggaa cagcagaatg 960 

ctttggatgc tgaccacagt cattttgtca gcataaagtt ggagtaaaaa actaccttgt 1020 
tt exact 



1027 



<210> 131 
<211> 987 
<212> DNA 

<213> human influenza A virus 
<220> 

<221> gene 

<222> CD...C987) 

<223> human influenza a virus 
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strain A/Char lottesvi 11 e/31/95 (HlNl) 
accession number af 398676 



<40O> 131 

atgagtcttc 

aaagccgaga 

gctctcatgg 

ggaxxxgtgx 

caaaatgccc 

agaaagctta 

gctggtgcac 

gaatcagcat 

xctcaxaggc 

ctggccagca 

gaggccatgg 

actcatccta 

cagaaacgaa 

tatcattggg 

•ctarcgtatc 

tatgagggaa 

tgtcagcata 



taaccgaggt 
tcgcacagag 
agtggctaaa 
tcacgctcac 
ttaatgggaa 
agagggagat 
ttgccagttg 
ttggcctgat 
aaarggtaac 
ctacagctaa 
aggxtgctag 
gctctagcac 
tgggggxgca 
attgtgcacc 
tttaaacacg 
gaatatcgag 
gagctggagi 



cgaaacgtac 
acttgaagat 
gacaagaccg 
cgtgcccagt 
tggggatcca 
aacattccat 
tatgggcctc 
axgcgcaacc 
aacaaccaat 
agctatggag 
tcaggccagg 
tggtctgaaa 
gaxgcaacga 
tgatattgtg 
gtcxgaaaag 
aggaacagca 
aaaaaac 



gttctctcta 
gtccttgctg 
atcctgtcac 
gagcgaggac 
aaxaacatgg 
ggggccaaag 
atatacaaca 
tgtgaacaga 
ccattaataa 
caaatggctg 
caaatggtgc 
aatgatcttc 
ttcaagtgat 
gattattgat 
agggcc : rcct 
gaatgdtgtg 
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tcgtcccgxc 
gaaagaacac 
ctctgactaa 
xgcagcgtag 
acagagcagt 
aaatagcact 
ggatgggggc 
ttgctgactc 
gacatgagaa 
gaxcgagtga 
aggcaatgag 
ttgaaaattt 
cctcttgttg 
cgcctttttt 
acggaaggag 
gatgctgacg 



aggccccctc 
cgatcttgag 
ggggatttta 
acgctrcgtc 
taaactgtat 
cagttattct 
tgxgaccacc 
ccagcataag 
cagaatggtt 
acaagcagct 
agccattggg 
gcaggcctat 
ttgccgcaag 
tcaaatgcat 
taccagagtc 
aaggtcattt 



<210> 132 
<211> 1076 
<212> DNA 

<213> human influenza B virus 
<220> 

<221> gene 
<222> (1) . . . (1076) 
<223> human influenza B virus 
strain B/Nagoya/20/99 



<4<X>> 132 

atgtcgctgt 

aaagcagaac 

tctgccttgg 

ggxgccxcta 

gagcccctat 

agaaaaatga 

agctcagcgc 

caagtaaaac 

gctcatagca 

tcagctatga 

ctggcagaag 

aatggggaag 

tcagctcttg 

ctxxxatcxx 

aaagaggagt 

aagtatcaat 

aagtgctcxc 

ctgaaaagat 



ttggagacac 
tagcagaaaa 
aatggataaa 
tctgcttttt 
caggaatggg 
gaagatgtgt 
tactatattg 
taggaacgct 
gagcagcgag 
acacagcaaa 
aactgcaaag 
gaattgcaaa 
tgaagaaata 
atcagctctc 
aaacatgaaa 
tttgagacac 
xgacaacata 
aataaaaatg 



aattgcctac 
attacactgt 
aaacaaaaga 
aaaacccaaa 
aacaacagca 
gagctttcat 
tctcatggtc 
ctgtgcxttg 
atcttcagtg 
aacaatgaat 
caacattgga 
ggatgtaatg 
cctataaxgc 
catttcatgg 
atacgaataa 
aattaccaaa 
gaagtattga 
ggcaaaacag 



ctgcttjtcat 
^9ttcqgtg 
tgctta'actg 
gaccaajgaaa 
acaaaaaaga 
gaagcaxxtg 
atgtacctga 
tgcgagjaaac 
cctggajgtga 
ggaatgpgaa 
gtgttgagat 
gaagtgjctaa 
txgaaqcatt 
cttggaraat 
aaggtccaaa 
aagaaajtcca 
gtgaccacat 
ttttgg'aggt 



tgacggaaga 
ggaaagaatt 
atatacaaaa 
gaaaaagaag 
aaggcctgat 
aaatagcaga 
accctggaaa 
aagcatcaca 
ggcgagaaat 
agggagaaga 
ctcxtggagc 
agcagagctc 
tcagattctt 
agggcatttg 
taaagagaca 
ggccaaagaa 
agtgattgag 
agaaaaaxxg 



tggagaaggc 
tgacctagac 
agcactaatt 
attcatcaca 
tctagctgag 
aggccatgaa 
xxaxxcaaxg 
txcacacagg 
gcaaaxggxc 
cgtccaaaaa 
aagtcaaaag 
xaxgggaaat 
tcaatttgtt 
agtcaaataa 
ataaacagag 
acaatgaagg 
gggctttctg 
caxtaa 



<210> 133 
<211> 1725 
<212> DNA 

<213:> human Respiratory syncitial Virus 
<220> 

<221> gene 

<222> CD-.. (1725) 

<223> human Respiratory Syncitial virus 
strain Bl 

accession number af 013254 



<400> 133 

atggagctgc 

tacctcacct 

agcagaggtt 

ttaagtaata 

caagaatrag 

ccagctgcca- 



tgatccacag 
caagtcagaa 
attttagtgc 
taaaagaaac 
ataagtataa 
acaaccgggc 



gttaagtgca 
cataactgag 
ttxaagaaca 
caaatgcaat 
gaatgcagxg 
cagaagagaa 



atcttcctaa 
gagxxttacc 
ggttggtata 
ggaactgaca 
acagaattac 
gcaccacagt 



cxctxgctat 
aatcgacatg 
ccagtgtcat 
cxaaagtaaa 
agctacxtax 
axaxgaacta 



taatgcattg 
tagtgcagxx 
aacaatagaa 
acttataaaa 
gcaaaacaca 
tacaatcaat 



60 
120 
180 
240 
300 
360 
420 
480 
540 
600 
660 
720 
780 
840 
900 
960 
987 



60 
120 
ISO 
240 
300 
360 
420 
4S0 
540 
600 
660 
720 
780 
840 
900 
560 
1020 
1076 



60 
120 
180 
240 
300 
360 
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accacxaaaa 
ttgxtaggtg 
gaaggagaag 
ctatcaaatg 
aaccaattat 
atagaaxxcc 
gcaggtgtaa 
atcaatgata 
gtaaggcaac 
gtacagcxac 
cxatgcacca 
xggxatxgxg 
cagxccaatc 
ctttgtaaca 
gacataagca 
aaatgcactg 
tatgtgtcaa 
aagctggaag 
ctagtgttte 
caaagtxtag 
xcxacxacaa 
xtaatagcta 
aaagaccaac 



acctaaatgt 
taggaxcxgc 
tgaacaagax 
£ggtcagtgt 
tacccatagt 
agcagaagaa 
caacaccttt 
tgccxataac 
aaagttattc 
ctatcxaxgg 
ccaacatcaa 
ataatgcagg 
gagxaxtxtg 
ctgacatatt 
gcxcagtaat 
catccaacaa 
acaaaggagt 
gcaagaacct 
cttctgatga 
cttttattcg 
atattatgat 
ttggtttgct 
xaagxggaat 



atcaataagc 
aaxagcaagX 
caaaaatgct 
ttxaaccagc 
aaatcaacag 
cagcagattg 
aagcacttac 
aaatgatcag 
tatcatgtct 
tgtaatagat 
agaaggatca 
axcagxaxcc 
tgacactatg 
caattccaag 
tactlclctt 
aaatcgtggg 
agatactgtg 
XXatgtaaaa 
gtttgaxgca 
xagaxcxgat 
aacxacaaxt 
gttgtattgc 
caaxaataxt 



aagaagagga 
ggtaXagctg 
xtgxtaxcta 
aaagxgxxag 
agctgtcgca 
ttggaaatca 
atgttaacaa 
aaaaaattaa 
ataataaagg 
acaccxxgcx 
aaxaxxtgtt 
ttctttccac 
aacagtttga 
tatgactgca 
ggagctatag 
attataaaga 
tcagtgggca 
ggggaaccta 
xcaatatctc 
gaattactac 
atxaxagtaa 
aaagccaaaa 
gcattcagca 
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aacgaagatt 
tatccaaagt 
caaacaaagc 
atctcaagaa 
tctccaacat 
acagagaatt 
acagtgagtt 
tgtcaagcaa 
aagaagtcct 
ggaaattaca 
taacaaggac 
aggcxgacac 
cattaccaag 
aaattatgac 
tgtcatgcta 
cattttctaa 
acactttata 
taataaatxa 
aagtcaatga 
ataatgtaaa 
tcartgtagt 
acacaccagt 
aaxag 



XCXgggCXXC 
•tctacacctt 
tgtagtcagt 
xxacaxaaat 
tgaaacagtt 
cagtgtcaat 
acxaxcattg 
xgttcagata 
tgcatatgtt 
cacatcacct 
tgatagagga 
ttgtaaagta 
tgaagtcagc 
atcaaaaaca 
tggtaaaact 
tggttgtgac 
cxaxgxaaac 
ctatgaccct 
aaaaateaat 
tactggcaaa 
atxgxxaxca 
tacactaagc 



<210> 134 
<211> 1575 
<212> DNA 

<213> human Parainfluenza 1 virus 



<220> 
<221> 
<222> 
<223> 



gene 

?1)...C157» 

human Parainfluenza 1 virus 
Washington/1964 
accession number nc003461 



strain 



<400> 134 

atggccgggc 

aagtctggcg 

ggcccgagtg 

tcatXggaca 

atggcetaca 

tatgtgatat 

aaaacaagag 

aagaacccat 

taxggatatc 

gccataacaa 

caggatggaa 

gcagtgatga 

aacacatcca 

ataagagatg 

atggccgccc 

gatatctatc 

catggagaet 

.gtggtacaaa 

atgttcctac 

gaggaagaac 

ctttcaggag 

attgatcata 

tggacaaatg 

attcgtggtg 

aacaagattg 

cgagacacca 

ataggaggaa 



tactaagtac 
gaggagcaat 
tgacagarga 
cagataaaca 
gXagtccgga 
acaatataga 
acatggagta 
XgXXccaagg 
ctgcatgtct 
gxagtgcxgg 
ccgttaaaag 
ggtcacaaca 
ggtcagattt 
caggattagc 
tgacactatc 
tatcaaaggg 
ttgcccctgg 
acaaagctat 
xxggacaagc 
taggtgxgac 
gggatggxgc 
cagacataac 
acagcaatga 
cagaagaact 
cacgaaggct 
gcagtgatgc 
txxaa 



tttxgacaca 
tatacctggt 
xgcagataaa 
acactcxcaa 
gXXaXaXcXc 
gagagatcct 
xgaaagaaca 
gcaaagagag 
cggagctata 
rctaagaaaa 
xgccctggxc 
aagcttagta 
aactacatta 
axcxttcaxg 
aaatctgaga 
agcccgagcc 
aaactatcca 
gcaacagxax 
t9tagcxaaa 
agatacagca 
gxaccacaag 
atttggagtc 
aagatggatg 
tgaagaagag 
ggccgacaga 
tgactaxgag 



ttxagttcca 
caaagaagta 
xxattaaxag 
agaggaggat 
acxacaaacg 
aaaagaacaa 
acagagtggt 
aaxgcggaxc 
atagttcaag 
ggattcttca 
ttcacaggag 
xcxcxtatgg 
gagaagaaca 
aacaccaxca 
ccagataxaa 
cctxxxaxat 
gcactgtgga 
gtaacxggaa 
gatgctgatt 
aaagagagac 
ccXacaggtg 
gaggacactg 
aatcactcga 
acaaaxgatg 
aaacagagac 
aatgatgatg 



ggagaagtga 
ccgxxtcxgx 
caaccacttt 
ttttagtaxc 
gtgtcaatgc 
aaacagaxgg 
Xgtttggacc 
tagaggcatt 
xxtggaxagt 
atagatxaga 
acacagttga 
tagaaactct 
ttcagaxxgt 
agtatggtgt 
acaaaxxgag 
gtatacteag 
gcxacgcaax 
gaacatattt 
ccaaaaxcag 
taaga caeca 
gxggagctat 
ctgatcggga 
tcagcaacca 
aagacaxcac 
taagecagge 
atgetacage 



gagcatcaat 
exxcacatta 
cttagcccac 
acxccxxgca 
tgatgtcaag 
gxxcaxtgtc 
tatgatcaac 
gcttcagaca 
gttggxtaaa 
agcaxtcaga 
aggtatxggx 
ggxgactatg 
aggaaatxac 
agaaacgaag 
aagccttgtt 
agacccagrt 
gggcgxxgcx 
Sgacatggaa 
cagtgctctg 
texgacaaac 
agaagtggca 
caacaagaac 
cacaaxcacg 
tgaxaxagaa 
aaacaataaa 
ggcxgcaggg 



420 
480 
540 
600 
660 
720 
780 
B40 
900 
960 
1020 
1080 
1140 
1200 
1260 
1320 
1380 
1440 
1500 
1560 
1620 
1680 
1725 



60 
120 
180 
240 
300 
360 
420 
480 
540 
600 
660 
720 
780 
840 
900 
960 
1020 
1080 
1140 
1200 
1260 
1320 
1380 
1440 
1500 
1560 
1575 



<210> 135 
<211> 1548 
<212> DMA 

<213> human Parainfluenza 3 virus 
<220> 

<221> gene 
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<222> CD...C1548;) 
<223> human Parainfluenza 3 virus 
strain GP 

accession number ab012132 
<400> 135 

atgttgagcc tatxxgatac axtrtaatgca cgtaggcaag aaaacaxaac aaaatcagcc 60 

ggxggagcxa tcattcctgg acagaaaaat actgtctcta taxttgctcx tggaccgaca 120 

ataactgatg ataatgagaa aatgacatta gctcttcttt ttttatctca xxcacxggat 180 

aatgagaaac aacatgcaca aagggcaggg ttcctggtgt cctxaxxaxc aatggcttat 240 

gccaatccag agctctacct aacaacaaax ggaagtaatg cagaxgtcaa gtatgtcata 300 

tacatgatcg agaaagaxct aaaacggcaa aagtatggag .gaxttgtggx taagacgaga 360 

gagatggtat atgacaagac aactgattgg atatttggaa gtgacctgga ttgtgatcag 420 

gaaactatgt tgcagaacgg aagaaacaax xcaacaattg aagaccttgt ccacacattt 480 

.gggxaxccax caxgtttagg agctcttata atacagatct ggatagttct ggtcaaagct 540 

atcacxagta tctcagggtt aagaaaaggc txxxxcaccc gattggaagc tttcagacaa 600 

gatggaacag tgcaggcagg gctggtattg agcggtgaca cagtggatca gattgggtca 660 

attatgcggt ctcaacagag- cttggtaact ctxaxggxxg aaacaxxaax aacaatgaat 720 

actagcagaa atgacctcac aaccatagaa aagaatatac aaattgttgg taactatata 780 

agagaxgcag gtctcgcttc attrttcaat acaatcagat atggaattga gactagaatg B40 

gcagctttga ctctatccac tctcagacca gacaxcaaxa gaxraaaagc xxxgatggaa 900 

ctgtatttat caaagggacc acgcgcxccx ttcatctgta tcctcagaga tcccatacat 960 

ggtgagttcg caccaggcaa ctatcctgcc atatggagct axgcaatggg agtggcagxx 1020 

gtacaaaata gagccatgca acagtaxgxg acgggaagat catatctgga tattgatatg 1080 

ttccagctag gacaagcagt agcacgtgat gctgaagctc agatgagctc aacactagaa 1140 

gaxgaacxtg gagtgacaca cgaagctaaa gaaagcttga agagacatat aaggaacata 1200 

aaxagrtcag agacaxcttt ccacaaacca acaggtggat cagccataga gatggcaata 1260 

gatgaagagc cagaacaatt cgaacataga tcagatcaag aacgagatgg agaacctcaa 1320 

tcatctataa ttcaatatgc ttgggcagaa ggaaacagaa gcgatgatcg gactgagcaa 1380 

gatacagaat ctgacaatat caagactgaa caacaaaaca tcagagacag actaaacaag 1440 

agacxcaacg aaaagaagaa acaaggcagx caaccaccxa ccaaxcccac aaacagaacg 1500 

aatcaggacg aaatagatga tctgtttaat gcatttggaa gcaactaa 1543 

<210> 136 
<211> 2910 
<212> DNA 

<213> human Adenovirus 
<220> 

<221> gene 
<222> U) . . . C2910} 
<223> human Adenovirus 
strain 105 

accession number aj293903 
<400> 136 

atggctaccc cttcgatgat gccgcagtgg tcxxacatgc acatcxcggg ccaggacgcc 60 

xcggagtacc tgagccccgg getggtgcag tttgcccgcg ccaccgagac gtacttcagc 120 

ctgaaxaaca agxxxagaaa ccccacggtg gcgcctacgc acgacgtgac cacagaccgg 180 

tcccagcgtt tgacgctgcg gtxcatccct gtggatcgccj aggatacEgc gtacxcgxlc 240 

aaggcgcggt tcacccxggc xgxgggxgac aaccgcgxgc xxgatatggc ttccacgtac 300 

tttgacatcc gcggcgtgct ggacaggggc cctactttca agccctactc tggcactgcc 360 

tacaacgcrc tagctcccaa gggcgcxccc aactcctgtg agxgggaaca aaccgaagat 420 

agcggccggg cggttgccga ggatgaagaa gaagaggaag atgaagatga agaagaggaa 480 

gaggaagagc aaaacgctcg agatcaggct actaagaaaa cacatgttxa xgcccaggcx 540 

cctttgtctg gagaaacaat tacaaaaagc gggctacaaa taggatcaga caatgcagaa 600 

acacaagcta aacctgtata tgcagatcct xcctaxcaac cagaacctca aattggcgaa 660 

xcxcagxgga acgaagctga tgctaatgca gcaggaggga gagtgcxtaa aaaaacaact 720 

cccatgaaac catgctatgg axcxxaxgcc aggcctacaa atccttttgg tggccaatcc 780 

gxcctggttc cggatgaaaa aggggtgcct cttccaaagg ttgacttgca attcttctca 840 

aatactacct cxxxgaacga ccggcaaggc aatgccacta aaccaaaagt ggxgxxgxac 900 

agtgaagatg taaatttgga aaccccagac acacaxcxgt ctxacaaacc tggaaaiggt 960 

gatgaaaatt ctaaagcxax gxtgggtcaa caatctatgc caaacagacc caaxxacatc 1020 

lllll™^ acaa ttttat tggcctaatg taxtaxaaca gcactggcaa catgggtgtt 1080 

cttgctggxc aggcaxcgca gcxaaatgcc gtggtagatt tgcaagacag aaacacagag 1140 

cxgxccxaxc aactttXgct tgattccata ggtgatagaa ccagaxaxxx xtcxatgtgg 1200 

ESfiSFS tagacagcta tgacccagax gxragaatca ttgaaaacca tggaactgig 1260 

gatgaattgc caaaxtaxtg xtxccctctt gggggtattg gggtaacxga caccxaxcaa 1320 

iSKJKS 9 ctaat 99 caa tggcgcaggt gaxaaxggaa axacxacatg gacaaaagat 1380 

gaaacttttg caacacgxaa xgaaatagga gtgggtaaca actttgccax ggaaaxxaac 1440 

SSSf acctat 99 a 9 aaatttcctt xacxccaaxa xxgcactata cctgccagac 1500 

aagctaaaat acaaccccac caacgtggaa atatctgaca accccaacac cxacgacxac 1560 
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axaaacaagc gagxggxggc xcctgggctt gtagactgct acattaacct tggggcgcgc 1620 

•tqcrtctctgg aetacatgga caacgttaat ccctttaacc accaccgcaa tgcgggcetg 1680 

cattaccgct ccatgttgxt gggaaacgga cgctacgtgc cttttcacat tcaggtgccc 1740 

caaaagxttt ttgccattaa aaacctcctc ctcctgccag gctcatacac atatgaatgg 1800 

aact-teagga aggatgttaa catggttctg cagagctctc xgggaaacga ccttagagtx 1860 

gacggggcta gcattaagtt tgacagcatt tgtctxtacg ccaccxxctt ccccatggcc 1920 

cacaacacgg cctccacgct ggaagccatg ctcagaaatg acaceaacga ccagtccttt 1980 

aatgactacc tttccgccgc caacatgcta tatcccatac ccgccaacgc caccaacgtg 2040 

cccatctcca tcccatcgcg caactgggca gcatttcgcg gttgggcctt cacacgcttg 2100 

aagacaaagg aaaccccxxc ccxgggaxca ggcxacgacc cttactacac cxacxcxggc 2160 

tccataccat accttgacgg aaccttctat cttaatcaca cctttaagaa ggtggccatt 2220 

acxtxxgacx cxxcxgxxag ctggccgggc aacgaccgcc tgctxacxcc caaxgagxxx 2280 

gagattaagc gctcagttga cggggagggc -tataacgxag ctcagtgcaa catgacaaag 2340 

gactggttcc xagxgcagax gxxggccaac xacaaxartg gctaccaggg cxxcxacaxx 2400 

ccagaaagct acaaagaccg catgtactcg ttcttcagaa acxtccagcc catgagccgg 2460 

caagxggxgg acgaxacxaa atacaaagat taxcagcagg txggaaxtat ccaccagcat 2520 

aacaactcag gcttegtagg ctacctcgct cccaccatgc gcgagggaca agcttacccc 2580 

gctaatgxte cctaccccct aataggcaaa accgcggttg atagtattac ccagaaaaag 2640 

trttctxtgcg accgcaccct gtggcgcaxc ccattctcca gxaactttat gtccatgggt 2700 

gcgctcacag acctgggcca aaaccttctc tacgcaaact ccgcccacgc gctagacatg 2760 

acctttgagg tggatcccat ggacgagccc acccttcttt atgttttgtt tgaagtcttt 2820 

gacgxggtcc gtgtgcacca gccgcaccgc ggcgtcaxcg agaccgtgta ccxgcgcacg 2880 

cccttctcgg ccggcaacgc cacaacataa 2910 

<210> 137 
<211> 810 
<212> DNA 

<213> human Enterovirus 
<220> 

<221> gene 
<222> CD.-.C810) 
<223> human Enterovirus 

strain Coxakievirus Bl 

accession number ml6560 

<400> 137 

cggcccctga atgcggctaa xccxaacxgc ggagcacata ccctcaaacc agggggcagt 60 

gtgxcgtaac gggcaactct gcagcggaac cgactacttt gggtgtccgt gtxtcatttt 120 

attcctatac tggctgctta xggxgacaax tgacaggttg ttaccatata gttattggax 180 

tggccatccg gtgactaaca gagcaattat atatctcttt gtxgggxtta taccacttag 240 

cttgaaagag grxaaaacac tacatctcat cattaaacta aatacaacaa aatgggggct 300 

caagtatcaa cacaaaagac tggagcacat gagaccgggc tgaatgcaag cgggaattcc 360 

atcatccatt acacaaacat aaactactat aaagatgctg catccaactc agccaacaga 420 

caggatttca ctcaagaccc aggtaaattx accgagccag xgaaggacat tatgatcaaa 480 

tcgatgccag cattgaactc cccctctgcc gaagagtgtg gttatagtga cagggttcga 540 

tcaataaccc tcgggaactc cactatcaca acacaggagt gtgctaatgt tgtggxxggg 600 

xatggtgtgt ggccagaata tttgaaggac aatgaagcca caggcgagga ccaaccaaca 660 

caacccgacg tggccacatg tcggttctac actttagagx ccgxgcagtg gatgaagaat 720 

tcagcaggtt ggxggtggaa gxxaccagat gcactttcac aaatggggxx gxxxggacaa 780 

aaxatgcagt accactactt agggagaaca 810 

<210> 138 
<211> 681 
<212> DNA 

<213> human Rhinovirus 
<220> 

<221> gene 
<222> CD --.(681) 
<223> human Rhinovirus 
Strain 14 

accession number k02121 
<400> 138 

taaccctaga gccttatgcc acgatccagt ggttgxaagg xcgtaaxgag caattccggg 60 
acgggaccga cxactxtggg tgtccgtgtt tcxcattttt cttcatattg tcttatggtc 120 
acagcatata tatacatata ctgxgatcax gggcgctcag gtttctacac agaaaagtgg 160 
atctcacgaa aaxcaaaaca txttgaccaa tggatcaaat cagactttca cagttataaa 240 
ttactaxaag gatgcagcaa gtacatcatc agctggtcaa tcactgtcaa xggacccatc 300 
xaagtttaca gaaccagxra aagatctcat gcttaagggt gcaccagcat tgaattcacc 360 
caatgttgag gcctgtggtt atagtgatag agxacaacaa atcacactcg ggaaxxcaac 420 
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aataacaaca caagaagcag ccaaegctgt tgtgtgttat gctgaatggc cagagtacct 
xccagatgtg gacgctagtg atgtcaataa aacttcaaaa ccagacactt ctgtctgtag 




480 
540 
600 
660 



<210> 139 
<211> 21 
<212> DNA 

<213> human influenza A virus 
<220> 

<223> primer no 12 multiplex assay 
<400> 139 

cttctaaccg aggtcgaaac g 21 

<210> 140 
<211> 24 
<212> DNA 

<213> human influenza A virus 
<220> 

<223> primer no 13 multiplex assay 
<400> 140 

agggcatxtt ggacaaagcg tcta 24 

<210> 141 
<211> 20 
<212> DNA 

<213> human influenza B virus 

:-.<220> 

<223> primer no 14 multiplex assay 
<4O0> 141 

ttacactgtt ggttcggtgg 20 

<210> 142 
<211>..20 
<212>. DNA 

<213> human influenza B virus 
<220> 

<2Z3> primer no 15 multiplex assay 
<400> 142 

gccagttttt ggacgtcttc 20. 

<210> 143 
<211> 23 
<212> DNA 

<213> human Respiratory Syncytial Virus 
<220> 

<223> primer no 16 multiplex assay 
<400> 143 

aacagtttaa cattaccaag tga 23 

<210> 144 
<211> 23 
<212> DNA 

<213> human Respiratory Syncytial virus 
<220> 

<223> primer no 17 multiplex assay 
<400> 144 

tcattgactt gagatattga tgc 23 
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<210> 145 
<211> 26 
<212> DNA 

<213> human Parainfluenza 1 virus 
<223> primer no 22 multiplex assay 

<400> 145 - e 
tcrggcggag gagcaattat acctgg 26 

<210> 146 
<211> 26 

<212> DNA j _ 

<213> human parainfluenza 1 virus 

<220> 

<223> primer no 23 multiplex assay 
<400> 146 

axctgcatca tctgteacac tcgggc 26 

<210> 147 
<211> 22 
<212> DNA 

<213> human Parainfluenza 1 virus 
<220> 

<223> human Parainfluenza 1 virus 
primer pi 

<400> 147 

gtatggtgta gaaacgaaga tg 22 . 

<210> 148 
<211> 22 
<212> DNA 

<213> human Parainfluenza 1 virus 

<220> _ 
<223> human Parainfluenza 1 virus 
primer P2 

<400> 148 

ttgtaccaca gcaacaccca tt 22 

<210> 149 
<211> 26. 
<212> DNA 

<213> human Parainfluenza 3 virus 
<220> 

<223> primer no 24 multiplex assay 
<400> 149 

aacaggaaac tatgctgcag aacggc 26 

<210> 150 
<211> 26 
<212> DNA 

<Z13> human parainfluenza 3 virus 
<220> 

<223> primer no 25 multiplex assay 
<400> 150 

gatccactgt gtcaccgctc aatacc 26 

<210> .151 
<211> 25 
<212> DNA 

<213> human Parainfluenza virus 
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<220> 

<2Z3> hurmna Parainfluenza virus 
primer P3 

<400> 151 

tcttgcttca ttcttcaata caatc 
<210> 152 

<211> 23 v, , 

<212> DNA 

<213> human Parainfluenza 3 virus 
<220> 

<223> human Parainfluenza 3 virus 
primer P4 

<400> 152 

aattccatca gagcttttaa tct 

<210> 153 
<211> 16 
<212> DNA 

<213> human Adenovirus 
<220> ' 

<223> primer human Adenovirus P5 
<400> 153 

actccctcga tgatgccg 

<210> 154 
<2U> 26 
<212> DNA 

<2'13> human Adenovirus 
<220> 

<223> primer no 26 multiplex assay 
<400> 154 

cctacgcacg atgtgaccac agaccg 

<210> 155 
<213> 26 
<212> DNA 

<213s> human Adenovirus 
<220> 

<223> primer no 27 multiplex assay 
<400> 155 

gtgttgtagg cagtgccgga gtaggg 

<210> 156 
<2U> 21 ; 
<212> DNA 

<213> human Sars Coronavirus 
<220> 

<223> primer. SARS no p5 
<400> 156 

ctaacatgct taggataatg g 

<210> 157 
<211> 21 
<212> DNA 

<213> human Sars Coronavirus 
<220> 

<223> human Sars Coronavirus 
primer p6 
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25 



23 ' 



18 
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<400> 157 

caggtaagcg taaaactcat c 21 

<210> 158 
<211> 24 
<212> DMA 

<213> human sars Coronavirus 
<220> 

<223> human Sars coronavirus 
. primer P7 

<400> 158 

atgaattacc aagtcaatgg ttac 24 

<210> 159 
<211> 22 
<212> DNA 

<213> human sars Coronavirus 
<220> 

<223> human Sars Coronavirus 
primer P8 

<400> 159 

cataaccagt cggtaeaget ac 22 

<210> 160 " 
<211> 16 
<212> DNA 

<213> human Enterovi rus/human Rhinovirus 
<220> 

<223> primer no 28 multiplex assay 
<400> 160 

ctactttggg tgtccg 16 

<210> 161 

<211> 19 

<212> DNA 

<213> human Enterovi rus/human Rhinovirus 
<220> 

<223> primer no 29 multiplex assay 

<40Q> 161 

ggtaattcca ccaccancc 19 

<210> 162 

<211> 23 

<212> DNA 

<213> human Influenza a virus 
<220> 

<223> probe no 30 multiplex assay 

<400> 162 

tcttcaagtc tctgtgcgat etc 23 

<210> 163 
<211> 23 
<212> DNA 

<213> human Influenza B virus 
<220> 

<223> probe no 31 multiplex assay 
<400> 163 

agctcagcgc tactatattg tct 23 
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<210> 164 
<211> 23 
<212> DNA 

<213> human Respiratory Syncytial virus 
<220> 

<223> probe no 32 multiplex assay 
<400> 164 

ccttccagct tgtttacata gta 

<210> 165 

<2ll> 23 

. <212> DNA 

<213> human Parainfluenza 1 virus 

<220> 

<223> probe no 35 multiplex assay 
<40O> 165 

aagtaccgtx tcxgtcctca cat 

<210> 166 
<211> 23 • 
<212> DNA 

<213> human Parainfluenza 3 virus 
<220> 

<223> probe no 36 multiplex assay 
<40O> 166 

cctgcactgt tccatcttgt ctg 

<210> 167 
<211> 18 
<212> DNA 

<213> human Adenovirus 
<220> 

<223> probe no 37 multiplex assay 
<400> 167 

cgcgtactcg tacaaggc 

<210> 168 
<211> 23 
<212> DNA 

<Z13> human Rhinovirus 
<220> 

<223> probe no 38 multiplex assay 
<400> 168 

attcagcata acacacaaca gcg 

<2l0> 169 
<211> 23 
<212> DNA 

<213> human Enterovirus 
<220> 

<223> probe no 39 multiplex assay 
<400> 169 

cctgtggctt cattgtcctt caa 

<210> 170 
<211> 558 
<212> DNA 

<213> human Herpesvirus 2 
<220> 
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<223> modified human Herpesvirus 2 
internal control 
multiplex no 1 

ttacactgtt ggttcggtgg cgactrcgcc agcctgtacc ecagcatcat ccaggcccac 60 

aacctgtgct tcagtacgct ctccctgcgg cccgaggccg tcgcgcacct ggaggcggac 120 

cgggactacc tggagatcga ggtggggggc cgacggctgt tcttcgtgaa ggcccacgta 180 

cqcqagagcc tgctgagcat cctgctgcgc gactggctgg ccatgcgaaa gcagatccgc 240 

tcqcggatcc cccagagcac ccccgaggag gccgtcctcc tcgacaagca acaggccgcc 300 

atcalggtgg tgtgcaactc ggtgtacggg ttcaccgggg tgcagcacgg tcttctgccc 360 

tqcctgcacg xggccgccac cgtgacgacc atcggccgcg agatgctcct cgcgacgcgc 420 

gcgtacgtgc acgcgcgctg ggcggagttc gatcagctgc tggccgactt tccggaggcg 480 

gccggcatgc gcgcccccgg tccgtactcc atgcgcatca tctacgggga cacggactga 540 

agacgtccaa aaactggc 558 

<210> 171 
<211> 554 

<212> DNA . 
<213> human Herpesvirus 2 

<220> 

<223> modified human Herpesvirus 2 
internal control 
multiplex no 2 

<400> 171 

ctactttggg tgtccgcgac tttgccagcc tgtaccccag catcatccag gcccacaacc 60 

tgtgcttcag tacgctctcc cxgcggcccg aggccgtcgc gcacctggag gcggaccggg 120 

actacctgga gatcgaggtg gggggccgac ggctgttctt cgtgaaggcc cacgtacgcg 180 

agagcctgct gagcatcctg ctgcgcgacc ggctggccat gcgaaagcag atccgctcgc 240 

ggaxccccca gagcaccccc gaggaggccg tcctcctcga caagcaacag gccgccatca 300 

aggtggtgtg caactcggtg tacgggttca ccggggtgca gcacggtctt ctgccctgcc 360 

tgcacgtggc cgccaccgtg acgaccarcg gccgcgagat gctcctcgcg acgcgcgcgt 420 

acgtgcacgc gcgctgggcg gagttcgatc agctgctggc cgactttccg gaggcggccg 480 

gcatgcgcgc ccccggtccg tactccatgc gcatcatcta cggggacacg gactggctgg 540 

tggtggaaat tacc 554 

<210> 172 
<211> 23 
<212> DNA 

<213> human Herpesvirus 
<220> 

<223> internal control probe no 42 
multiplex assay 

<400> 172 

acaccgagtt gcacaccacc ttg 23 
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